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Abstract		This	thesis	examines	the	prehistoric	organisation	of	stone	artefact	technology	in	a	gibber	plain	 area	 of	 the	Roxby	dunefield,	 arid	 South	Australia.	 Gibber	 plains	 are	 stone	 covered	desert	 landforms,	and	the	study	area	gibber	provided	abundant	and	knappable	quartzite	material	 for	 stone	 artefact	 manufacture.	 This	 research	 involved	 study	 of	 site	 formation	processes	 and	 artefact	 characteristics	 (including	 refitting	 and	 reduction	 analysis)	 from	surface	knapping	floors	on	the	Gibber	plain	and	adjacent	dune	sites.	Comparisons	between	these	 sites	 enabled	 a	 review	 of	 human	 resource	 use	 and	 organisation	 (including	procurement,	manufacture	and	transport)	within	this	cultural	landscape.			This	research	trials	a	new	approach	and	focus	for	Australian	desert	archaeology.	Previous	studies	 typically	 assumed	 that	 surface	 sites	 lack	 chronological	 integrity	 with	 analyses	limited	 to	 long-term	trends.	This	 study	argues	 that	gibber	plain	knapping	 floors	provide	narrow	 temporal	 resolution	 with	 individual	 knapping	 events	 revealed	 through	 careful	study	of	site	formation	processes	and	refitting	analysis.	The	study	of	individual	knapping	events	provides	technological	insights	which	in	turn	provide	information	about	individual	variability	within	the	long-term	trends	of	landscape	and	resource	use.			This	research	identifies	complex	long-term	connections	between	the	gibber	plain	and	sand	dune	 sites	 involving	 raw	 material	 and	 artefact	 transport.	 This	 includes	 evidence	 for	structured	 processes	 of	 human	 movement	 across	 the	 gibber	 landscape.	 Specifically,	knapping	 events	 were	 observed	 between	 two	 major	 dune	 occupation	 areas	 supporting	embedded	 procurement	 along	 regular	 pathways.	 There	 is	 no	 evidence	 of	 raw	 material	conservation	 and/or	 of	 a	 standardised,	 preferred	 artefact	 form	 suggesting	 variability	 in	knapping	strategy	was	predominantly	the	result	of	human	agency/	creativity.			High-resolution	 surface	 archaeological	 research	 provides	 significant	 information	 about	poorly	understood	arid	zone	South	Australia	while	also	exploring	an	issue	of	global	interest,	the	 potential	 of	 knapping	 floors	 for	 understanding	 past	 human	 activity.	 Surface	 artefact	scatters	are	by	far	the	most	common	site-type	within	an	Australian	context	yet	these	sites	(and	 the	 patterns	 contained	 within)	 remain	 poorly	 researched.	 This	 thesis	 argues	 that	surface	scatters	embody	habitual	practices	of	past	people	and	may	provide	some	of	the	most	important	information	about	human	movements	and	agency.		 	
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1	|	Introduction	
	This	 thesis	 examines	 the	 relationship	between	people	 and	 stone	 resources	 in	 the	Roxby	dunefield	of	Arid	Australia.	 It	 assesses	how	availability	of	abundant	knappable	quartzite	influenced	the	actions	and	technological	organisation	of	prehistoric	Aboriginal	people.	This	is	 undertaken	 through	 the	 study	 of	 a	 landscape1	 in	 the	 north-east	 Roxby	 dunefield,	dominated	by	a	quartzite	gibber	plain.	This	contains	numerous	knapping	floors	and	there	are	dense	artefact	scatters	on	nearby	sand	dunes.	The	thesis	examines	46	knapping	floors,	also	nine	sand	dune	sites.			Technological	 organisation	 is	 the	 way	 that	 people	 use	 stone	 resources	 to	 meet	 their	subsistence	and	cultural	requirements	(eg.	Andrefsky	2008a).	In	this	thesis,	the	concept	is	extended	to	include	individual	agents	and	how	their	technological	strategies	may	contribute	to	the	long	term	trends	or	‘systems’	in	the	archaeological	record.			This	research	aims	to	fill	 two	noticeable	gaps	 in	Australian	desert	archaeology.	Firstly,	 it	explores	the	extent	to	which	stone	from	the	gibber	plain	was	used	by	prehistoric	people.	Ethnographic	studies	have	identified	the	prominence	of	gibber	plain	material	for	Aboriginal	artefact	procurement	(Gould	1980).	Technological	studies	also	identify	the	important	role	of	non-localised	resources	and	geologies	(such	as	those	found	on	the	gibber	plains)	to	obtain	a	complete	picture	of	the	variety	of	technological	strategies	(Andrefsky	1994b).	Despite	this,	current	 understanding	 of	 stone	 procurement	 in	 Australia	 often	 focuses	 on	 the	 study	 of	quarry	sites	(Binford	and	O'Connell	1984;	Doelman	2008a;	Hiscock	2005b;	McBryde	1984).	This	is	also	the	case	for	the	Roxby	Dunefield	(Sullivan	et	al.	2014b).	This	study	broadens	the	focus,	analysing	 in	situ	knapping	sites	in	a	gibber	plain	and	then	comparing	raw	material	distributions	with	 nearby	 sand	 dune	 sites.	 A	 technological	 approach	 on	 the	 scale	 of	 the	study	area	landscape,	provides	a	lifecycle	of	stone	artefacts,	including	movement	of	material	and	artefacts	between	sites	and	landforms.	Interpretation	of	results	provides	insight	into	long-term	use	of	place	by	past	people.		The	second	perceived	research	gap,	is	the	paucity	of	research	which	uses	data	from	open/	surface	 sites	 for	 interpreting	 human	 prehistory.	 Surface	 artefact	 scatters,	 such	 as	 those	explored	in	this	thesis,	are	the	most	common	archaeological	sites	in	the	arid	zone	(Fanning																																									 																					1	Referred	from	here	on	as	the	study	area.	
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et	 al.	 2009).	 Despite	 this,	 it	 is	 often	 assumed	 that	 they	 lack	 temporal	 control	 and	 are	palimpsests	 of	 overprinted	 and/or	deflated	deposits	 (Bailey	2007;	 Stern	1994).	 For	 this	reason,	 information	 is	 frequently	 ignored	 or	 used	 to	 form	 long-term	 and	 normative	generalisations,	 taking	 advantage	 of	 the	 landscape-scale	 offered	 by	 the	 surface	 record	(Dunnell	 1992;	 Ebert	 1992;	 Holdaway	 and	 Wandsnider	 2006;	 Shiner	 2009).	 This	perspective	is	valuable,	and	will	be	incorporated	into	this	study,	however	this	research	aims	to	move	beyond	structures	and	generalisations	to	people	and	actions.			Thus,	 this	 thesis	 attempts	 to	make	a	 contribution	 to	methodology,	using	high-resolution	data	 from	 knapping	 floor	 sites	 to	 interpret	 individual	 knapping	 events.	 A	 number	 of	different	 analytical	 techniques	 are	 used	 and	 developed,	 including	 artefact	 refitting,	 site	formation	 modelling	 and	 intra-site	 spatial	 analysis.	 This	 process	 enables	 refinement	 in	interpretive	modelling,	 emphasises	 nuances	within	 the	 knapping	 process	 (beyond	 time-averaging)	and	can	be	applied	to	other	knapping	floor	sites.			These	research	aims	are	now	discussed	in	detail,	with	reference	to	previous	research	on	knapping	 floor	 sites	 and	 Aboriginal	 use	 of	 gibber	 plain	 stone	 resources.	 The	 specific	research	 questions	 and	 objectives	 are	 then	 outlined	 followed	 by	 a	 description	 of	 thesis	structure.	
The	 Identification,	 Classification	 and	 Research	 Potential	 of	
Knapping	Floors	
	Knapping	floors	are	locations	where	stone	artefact	manufacture	has	taken	place	(Hiscock	and	Mitchell	1993).	 In	 the	 literature,	 the	 term	 ‘knapping	 floor’	has	not	been	consistently	used,	referring	to	a	range	of	different	circumstances	from	dense	areas	of	intensive,	multi-event	knapping	(eg.	Molin	et	al.	2009),	to	a	scatter	of	artefacts	originating	only	from	a	single	block	of	stone	(eg.	Hiscock	1988:324).	There	are	also	many	additional	terms	that	have	been	used	to	refer	to	very	similar	site	types	including	reduction	site	(Hiscock	and	Mitchell	1993),	chipping	 station	 (Kamp	 and	 Whittaker	 1986;	 Latinis	 1996),	 industrial	 site	 (MacBryde	1974:154),	 workshop	 (Healan	 et	 al.	 1983;	 Hester	 and	 Shafer	 1992;	 Weiner	 1990)	 and	knapping	place	(Vaquero	and	Pastó	2001).	 			For	 this	 thesis,	 ‘knapping	 floor’	 is	used	 to	denote	a	discrete	scatter	of	artefacts	 resulting	from	stone	knapping	at	that	location	(Hiscock	and	Hughes	1983).	This	includes	primary	and	secondary	knapping,	the	latter	involving	reworking	and	retouching	artefacts.	Identification	
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of	knapping	floors	in	the	study	area	was	done	during	field	survey	for	the	HEH	Olympic	Dam	Archaeology	Program	between	2007	and	2009	(Hughes	et	al.	2012).	Thus,	identification	of	knapping	 floors	 relied	on	attributes	 that	were	visible	at	 this	 survey	stage.	Three	criteria	were	used	for	distinguishing	knapping	floors:	spatial	proximity	of	artefacts,	raw	material	similarity	 and	 the	presence	of	 conjoining	artefacts	 (HEH	Pty	Ltd	2007).	Knapping	 floors	were	identified	as	complete	individual	sites	as	well	as	features	within	larger,	structurally	complex	sites.		What	sets	knapping	floors	apart	from	other	artefact	scatters	is	a	high	potential	for	internal	temporal	 synchronicity	 and	 structural	 integrity.	 Knapping	 floors	 contain	 assemblages	 of	artefacts	produced	from	knapping	events	and	these	can	be	refitted	to	the	same	stone	block	(nodule)	 (Cziesla	 1990b).	 Refitting	 studies	 provide	 important	 information	 about	 site	formation	 processes	 and	 relative	 chronologies	 for	 surface	 and	 sub-surface	 artefact	distributions	(eg.	Jodry	1992;	Petraglia	et	al.	1994;	Richardson	1992).			Previous	work	with	refitting	has	demonstrated	the	utility	of	this	method	for	interpreting	systematic	 processes	 as	 well	 as	 human	 agency	 (eg.	 Hiscock	 2007a;	 Jodry	 1992;	 Moore	2004).	Key	markers	of	human	behaviours	include:			
• The	morphology	of	the	original,	selected	stone	nodule	or	artefact	that	was	knapped	or	re-worked	(eg.	Vaquero	2008).	
• Missing	artefacts	from	assemblage	which	are	interpreted	as	the	artefacts	selected	for	transport	and	tool	use	(eg.	Abel	et	al.	2011).	
• Techniques	of	 retouch	or	core	reduction,	 including	 the	degree	of	 standardisation	(eg.	Moore	2004).	
• The	degree	of	reduction	of	stone	artefacts	(eg.	Hiscock	2007a).	
• Evidence	 of	 problem	 solving	 knapping	 problems	 that	 arise	 during	 the	 reduction	process	(Hiscock	2006b).		Refitting	analysis	has	a	reputation	for	being	very	labour	intensive	and	this	has	limited	its	application	 (Cooper	 and	 Qiu	 2006;	 Larson	 and	 Ingbar	 1992).	 Mixed	 artefact	 scatters	produced	 from	 multiple	 knapping	 events	 may	 result	 in	 many	 millions	 of	 possible	 refit	combinations.	 Discrete	 knapping	 floor	 features	 however,	 reduce	 the	 time-cost	 of	 this	analysis	due	to	their	simplicity	and	smaller	assemblage	size.			
23		
Spatial	 patterning	 is	 another	 important	 characteristic	 of	 knapping	 floors.	 Clustering	 of	artefacts	 is	often	the	first	step	in	identification	of	knapping	floors	(HEH	Pty	Ltd	2007).	If	post-depositional	processes	can	be	ruled	out	patterns	likely	reflect	the	original	knapping	event	(Schiffer	1983).	In	situ	preservation	of	surface	artefacts	dating	back	many	millennia	has	 been	 suggested	 for	 desert	 pavements	 in	 Egypt	 based	 on	 geomorphological	 analysis	(Adelsberger	 and	 Smith	 2009;	 Chiotti	 et	 al.	 2007).	 This	 study	 indicates	 that	 site	 spatial	stability	was	due	to	the	dense	rock	cover	of	desert	pavement	surface,	protecting	artefacts	from	 movements,	 in	 which	 case,	 open	 sites	 may	 be	 more	 stable	 and	 less	 likely	 to	 be	disturbed	 than	 subsurface	 contexts	 in	 rockshelters.	 The	 latter	 may	 experience	 higher	frequency	 of	 human	 visitation	 and	 therefore	mixing	 of	 different	 knapping	 events.	 I	 will	explore	site	formation	in	greater	detail	in	Chapter	5.		If	 knapping	 floor	 sites	 remain	 relatively	 intact,	 then	 intra-site	 spatial	 patterning	 may	provide	high-resolution	information	about	individual	knapping	events.	This	area	of	study	remains	 in	 its	 infancy,	most	 frequently	 using	 variation	 in	 knapping	 strategies	 to	 isolate	individual	knappers.	This	includes	comparison	of	artefacts	to	identify	variation	in	skill	level	and	idiosyncratic	variables	(Cahen	and	Keeley	1980;	Cleghorn	1986).		Intra-site	spatial	patterning	has	been	used	to	identify	knapper	stance	and	handedness	based	on	 experimental	 models	 (Kvamme	 1997;	 Newcomer	 and	 Sieveking	 1980;	 Roberts	 and	Parfitt	1999;	Stone	2014).	Existing	models,	however,	frequently	ignore	complicating	factors	such	as	artefact	 size	 sorting.	There	are	also	 few	ethnographic	 studies	of	 this	 type	 in	 the	Australian	Aboriginal	context,	meaning	that	there	has	been	a	tendency	to	model	Eurocentric	behaviours	such	as	knapping	while	chair-sitting	(Newcomer	and	Sieveking	1980).	With	this	in	mind	new	knapping	floor	experiments	and	spatial	models	are	developed	in	Chapter	5.		In	 summary,	 knapping	 floor	 sites	 have	 enormous	 potential	 to	 provide	 high	 resolution	information	 about	 stone	 artefact	 manufacture	 and	 the	 sequential	 process	 of	 knapping	events.	The	surface	knapping	floors	in	the	Roxby	dunefield	study	area	are	considered	ideal.	These	 sites	 are	 numerous,	 provide	 a	 large	 site	 sample	 size,	 and	 typically	 contain	 large	artefacts	which	assists	refitting	analysis.	Their	environmental	context,	within	a	gibber	plain	with	high	clast	density,	also	increases	their	likely	structural	integrity	and	protection	from	natural	post-depositional	processes	of	disturbance	(Adelsberger	and	Smith	2009).	Finally,	they	represent	the	dominant	archaeological	site	type	in	gibber	plains	in	the	Roxby	dunefield	area	(Hughes	et	al.	2011)	and	thus	are	an	important	aspect	to	research	to	better	understand	the	archaeology	of	the	region.	
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The	Aboriginal	Use	of	Gibber	Plain	Stone	Resources		‘Gibber’	is	an	Australian	term	adapted	from	an	Aboriginal	language	to	describe	both	stone	covered	desert	surfaces	(sometimes	also	called	desert	pavements),	as	well	as	the	stone	that	forms	the	cover.	Gibber	covered	plains	and	swales	are	a	common	feature	of	many	areas	of	central	 Australia	 including	 the	 Roxby	 dunefield	 region.	 Gibber	 stone	 (called	 clasts)	 are	generally	pebble	to	boulder	sized,	with	rock-type	dependent	on	local	geology.	Where	gibber	clasts	 consist	 of	 fine-grained	 rock	 they	 offered	 useful	 potential	 for	 knapping	 by	 past	Aboriginal	people.			To	 date	 there	 have	 been	 several	 archaeological	 and	 ethnographic	 studies	 in	 Australian	desert	 regions	 that	 explore	 Aboriginal	 organisation	 of	 technology	 and	 use	 of	 gibber	landscapes.	These	reveal	several	shared	trends	particularly	when	gibber	stone	technology	is	contrasted	with	the	use	of	quarry	resources.			Studies	include	the	work	by	Gould	(1980),	who	used	oral	histories	to	explain	Aboriginal	use	of	non-localised	 stone	 sources	 (the	majority	of	which	were	gibbers)	 in	 the	Western	and	Central	Desert	 (Holdaway	and	Allen	2011).	He	describes	 the	use	of	 the	gibber	 stone	 for	simple,	unstandardised	flake	tools.	These	were	frequently	used	and	discarded	expediently	often	at	 the	raw	material	 source,	although	some	were	 transported	 to	habitation	sites.	 In	contrast,	 raw	 material	 from	 quarries	 which	 were	 often	 located	 some	 distance	 from	occupation	sites	and	of	higher	quality,	were	reserved	for	manufacture	of	certain	artefact	types	 (e.g.	 tulas).	 Significant	 effort	 was	 required	 to	 obtain	 these	 materials	 which	 were	transported	for	use	to	the	habitation	sites	rather	than	made	and	discarded	in	situ.			The	role	of	the	landscape	and	its	resources	was	highlighted	by	Gould	(1980)	who	found	that	proximity	 of	 water	 resources	 to	 quarries	 and	 habitation	 sites	 played	 a	 major	 role	 in	technological	organisation.	Where	reliable	water	was	not	located	near	the	quarry	sites,	raw	material	 was	 removed	 at	 an	 early	 stage	 of	 reduction	 for	 reworking	 at	 habitation	 sites.	Where	 water	 sources,	 quarries	 and	 habitation	 sites	 were	 close	 together	 core	 reduction	occurred	at	the	quarries	and	the	quarried	material	was	also	used	for	a	wider	range	of	stone	artefact	types.			Doelman	(2008a)	relates	gibber	resource	use	(e.g.	cobbles)	to	localised	outcrop	quarries	in	her	archaeological	research	of	the	arid	Mt	Wood	Ranges	 in	north-west	NSW.	In	this	area	silcrete	 dominated	 artefacts	 from	both	 sources	with	 outcrop	 quarries	 containing	 higher	quality	material.	Artefacts	made	from	quarried	silcrete	were	observed	to	follow	complex	
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life-cycles	with	use	and	discard	occurring	at	separate	locations	to	production.	They	were	also	 used	 for	more	 standardised	 artefact	 forms	 including	 blades	 and	points	with	 higher	rates	of	core	reduction.	In	contrast,	artefacts	made	of	gibber	cobbles	were	less	standardised	and	 were	 manufactured,	 used	 and	 discarded	 all	 at	 the	 same	 location.	 They	 were	 also	associated	 with	 lower	 levels	 of	 core	 reduction.	 This	 research	 again	 highlights	 spatial	variability	 in	 human	 activity,	 with	 material	 quality	 influencing	 technological	 strategies.	Neither	 raw	material	 conservation	 practices	 or	 standardised	 culturally	 defined	 artefact	forms	appear	to	have	played	a	key	role	in	the	gibber	technology.	This	lead	Doelman	(2008a)	to	conclude	that	the	gibber	stone	was	not	part	of	a	planned	technological	strategies	in	the	Mt	Wood	area.			In	contrast,	in	other	arid	Australian	locations	gibber	resource	use	has	been	associated	with	transport	and	strategic	technological	planning.	This	includes	the	use	of	gibbers	near	Broken	Hill	in	western	NSW	(Douglass	et	al.	2008;	Holdaway	et	al.	2008).	By	analysing	the	amount	of	artefact	cortex	in	gibber	plain	assemblages	it	was	argued	there	were	significant	numbers	of	 ‘missing	artefacts’,	 expected	 to	have	been	removed	 for	use	elsewhere	 (Douglass	 et	al.	2008).	 This	 was	 related	 to	 artefact	 curation	 (Binford	 1979),	 suggesting	 planning	 and	organisation	was	not	isolated	to	retouched	or	formalised	artefact	forms.		Another	 example	 of	 gibber	 stone	 use	 for	 transported	 technologies	 was	 recorded	 in	 the	north-east	 Simpson	Desert	 (Barton	2003).	He	 noted	 that	 only	minor	 knapping	 occurred	within	the	gibber	plain	which	was	interpreted	as	raw	material	testing,	and	that	both	pebbles	and	cobbles	were	transported	from	the	gibber	to	habitation	sites	for	further	working.			
In	situ	knapping	floors	at	Geosurvey’s	Hill	were	also	used	to	note	gibber	plain	resource	use	by	Aboriginal	people	(Smith	and	Ross	2007).	Gibber	use	was	also	noted	in	Cooper’s	Creek	(Hughes	and	Lampert	1980)	and	the	Willandra	Lakes	(Hiscock	and	Allen	2000;	Webb	and	Domanski	2008)	 although	aspects	of	 the	 stone	 technology	are	not	described	 in	detail	 in	these	areas.			Few	 studies	 have	 addressed	 this	 in	 the	 Roxby	 dunefield	 region,	 other	 than	 broad	observations	that	the	majority	of	artefact	raw	material	came	from	gibber	sources	(Hughes	
et	al.	2014a).	Details	of	how	this	raw	material	resource	was	incorporated	into	technological	organisation(s)	has	not	yet	been	explored.		In	summary,	gibber	plain	resource	use	by	Aboriginal	people	remains	poorly	understood.	As	a	frequent	landform	type	in	arid	Australia	(Mabbutt	1988)	it	is	likely	that	it	was	far	more	
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frequently	 utilised	 by	 Aboriginal	 people	 than	 the	 archaeological	 literature	would	 imply.	Existing	research	suggests	a	general	trend	in	use	of	the	material	for	unretouched	flake	tools.	The	extreme	abundance	of	the	gibber	stone	and	its	relative	quality	appears	to	have	played	a	large	role	in	technological	strategies.			Additionally,	 there	 is	 a	 large	 degree	 of	 local	 variability	 in	 how	 gibber	 stone	 was	incorporated	into	technological	systems.	This	included	expedient	artefact	manufacture	and	discard	at	some	sites	while	others	demonstrate	curation	and	transportation	of	artefacts	for	future	use	at	habitation	sites.	This	highlights	the	importance	of	studying	technology	on	a	regional	 basis,	 also	 recognition	 that	 multiple	 factors	 may	 influence	 archaeological	assemblages	making	a	critical	approach	vital	 for	understanding	gibber	resource	use.	 It	 is	recognised	that	patterns	may	not	be	directly	comparable,	reflecting	different	cultures,	time	periods	and	even	individual	agency.	For	this	reason,	this	thesis	will	need	to	delve	beyond	basic	environmental	constraints,	exploring	a	much	broader	range	of	influencing	factors.		
Research	Aims	
	This	thesis	has	two	major	research	aims.	These	are:		
Research	Aim	One:	To	understand	the	relationship	between	people	and	the	gibber	
plain	landscape	and	resources,	through	a	study	of	the	organisation	of	stone	artefact	
technology.			This	first	aim,	which	is	region	specific,	focuses	on	organisation	of	technology	through	a	life-cycle	analysis.	Primarily,	the	focus	assesses	use	of	the	local	gibber	plain	quartzite	material,	however,	 non-local	 raw	 materials	 and	 artefacts	 are	 also	 analysed	 from	 the	 sand	 dune	assemblages	in	order	to	better	understand	proportional	roles	of	other	raw	materials.	This	research	 will	 characterise	 the	 earliest	 stages	 of	 the	 technological	 lifecycle	 which	 are:	procurement,	 manufacture	 and	 transport	 of	 artefacts	 and	 raw	 materials	 within	 the	landscape.		This	research	tests	the	role	of	several	key	variables	which	may	have	influenced	adoption	of	technological	 strategies.	 These	 variables	 are:	 the	 study	 area	 landscape,	 raw	 materials,	shared	culture	and	individual	agency.			The	landscape	in	this	context,	refers	to	the	sand	dunes	and	gibber	plain	in	the	study	area,	the	 availability	 and	 abundance	 of	 quartzite	 raw	 material	 in	 the	 gibber	 plain	 and	 the	potential	 relationship	 between	 archaeological	 sites	 and	 landforms.	 Raw	 materials	 are	
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studied	 as	 a	 potential	 influencer	 considering	 the	 morphology	 of	 stone	 nodules,	 natural	availability	and	variability	of	these	forms	and	different	raw	material	types.	Technology	as	culture	relates	to	the	idea	of	‘mental	templates’	of	ideal	standardised	forms	and	process	that	represent	transmitted	and	shared	cultural	knowledge	among	groups	of	people	(Edmonds	1990).	The	last	of	these	factors	is	the	role	of	individual	agency,	which	relates	to	the	choices	and	 actions	 of	 individuals	 in	 the	 technological	 process.	 This	 includes	 the	 degree	 of	individual	variability	reflective	of	habit	and/or	creativity	and	problem	solving	actions	 to	situational	issues	during	knapping.	It	is	expected	that	the	study	area	technology	will	reflect	multiple	influences	in	a	complex	interplay	and	that	a	more	complete	understanding	of	the	study	area	technology	will	be	gained	by	this	broad,	multifactorial	approach.			
Research	Aim	Two:	To	understand	site	formation	processes	that	influence	gibber	
plain	knapping	floor	sites	and	determine	the	general	research	potential	of	knapping	
floors	for	preserving	high-resolution	evidence	of	individual	knapping	events	and	
individual	knappers.			This	 second	 research	 aim	 explores	 the	 unique	 characteristics	 and	 research	 potential	 of	discrete	knapping	floors	using	the	Roxby	dunefield	study	area	as	a	case	study.	This	includes	an	 assessment	 of	 post-site	 formation	 processes	 (Schiffer	 1983)	 and	 the	 search	 for	archaeological	signatures	that	were	created	as	part	of	the	original	knapping	event.	
Research	Objectives		To	achieve	this	first	research	aim,	the	following	are	the	specific	research	objectives:		
1. To	characterise	and	spatially	map	quartzite	raw	material	available	in	the	study	area.
	 	This	 is	critical	 for	analysing	procurement	practices	as	material	selected	for	knapping	can	be	put	into	broader	context	of	material	available.		
2. To	examine	 the	distribution	of	gibber	plain	knapping	 floors	 in	 the	 landscape	and	 to	
interpret	their	spatial	distribution	as	a	product	of	procurement	practices.			Site	location	analysis	of	gibber	plain	knapping	floors	is	carried	out	to	look	at	factors	that	may	have	influenced	their	placement	and	to	test	different	procurement	practices.	The	availability	of	 raw	material	of	a	particular	 size	 is	one	of	 these	 factors	along	with	 the	
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distance	of	knapping	floor	sites	 from	sand	dunes.	Procurement	mode	is	examined	by	considering	knapping	site	location	using	a	costs-benefits	analysis	(Binford	1979).	This	is	discussed	in	further	detail	in	Chapter	3.			
3. To	 characterise	 technologies	 identified	 at	 the	 knapping	 floor	 sites	 using	 reduction	
analysis,	and	artefact	refitting.		
	A	 selection	 of	 artefacts	 from	 knapping	 floors	 are	 refitted	 to	 assess	 variability	 in	knapping	strategy	and	the	extent	to	which	this	depended	on	key	attributes.	Attributes	examined	are:	 raw	material	morphology,	problem	solving	 strategies	used	 to	 correct	issues	 that	 may	 have	 arisen	 in	 the	 knapping	 process,	 and	 a	 standardised	 intended	output.	Where	the	assemblages	and	knapping	strategies	observed	cannot	be	explained	by	these	factors	individual	agency	is	considered	as	a	possible	contributor	as	outlined	in	the	following	objective.			4. To	interpret	the	individual	variability	and	knapper	action	revealed	at	knapping	floor	
sites.		This	 objective	 establishes	 the	 extent	 to	 which	 variability	 in	 the	 knapping	 floor	assemblages	and	the	knapping	strategies	represents	individual	agency.	A	key	aspect	of	this	 enquiry	 is	 the	 degree	 of	 variability	 in	 artefact	 knapping.	 Variability	 (and	standardisation)	is	important	for	understanding	whether	knapping	floor	assemblages	are	the	product	of	different	individuals,	different	time	periods	or	the	same	individual	manufacturing	artefacts	in	different	ways.	Resolution	to	this	will	have	implications	for	understanding	how	individual	agency	may	contribute	to	long-term	trends	observed.			
5. To	identify	the	technological	characteristics	of	sand	dune	assemblages.	To	compare	the	
characteristics	 of	 artefacts	made	 from	 local	 quartzite	 to	 those	made	 of	materials	 not	
available	in	the	nearby	gibber	plain.			The	local	gibber	quartzite	and	other	materials	‘exotic’	to	the	study	area	are	compared	to	understand	how	local	availability	versus	source	distance	 influenced	technological	organisation.	 Additionally,	 the	 different	 raw	 material	 types	 may	 have	 provided	different	 technological	 advantages	due	 to	physical	differences.	These	are	 studied	by	comparing	their	use	for	different	artefact	types.			
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6. To	compare	the	sand	dune	site	assemblages	with	the	knapping	floor	assemblages	in	order	
to	understand	artefact	procurement	and	 to	 look	 for	an	association	between	knapping	
floors	and	sand	dune	sites.		Since	 the	 sand	 dunes	 do	 not	 have	 a	 natural	 in	 situ	 source	 of	 stone,	 all	 artefacts	 or	unworked	raw	material	located	on	these	are	expected	to	be	the	result	of	human	activity.	Gibber	plain	knapping	floors	and	the	sand	dune	sites	are	compared	to	test	if	the	gibber	knapping	floors	are	the	source	of	sand	dune	quartzite	artefacts	and	thus	part	of	the	same	technological	lifecycle.	Alternatively,	dune	site	artefacts	may	have	been	produced	by	in	
situ	knapping	from	raw	material	transported	to	the	sand	dune.	This	is	an	important	part	of	 the	 overall	 organisation	 of	 technology	 for	 the	 study	 area	 and	 may	 assist	 in	understanding	the	function	knapping	floor	sites	played	in	this	system.			The	following	are	specific	research	objectives	that	relate	to	this	second	research	aim:		
1. To	model	post-depositional	site	formation	processes	impacting	gibber	plain	knapping	
floor	sites.		
	Disturbance	processes	that	may	impact	archaeological	(knapping	floors)	sites	in	the	gibber	 plain	 are	 analysed.	 This	 is	 done	 through	 gibber	 plain	 observations,	archaeological	excavation	data	and	simulated	site	experiments.	The	intention	of	this	is	to	identify	the	most	stable	gibber	plain	contexts	that	may	preserve	formational	knapping	 events	 for	 intra-site	 spatial	 analysis.	Methods	 are	 developed	 to	 enable	case-by-case	assessment	of	knapping	histories	(whether	this	be	a	single	knapping	event	or	overprinting	of	multiple	episodes).		
	
2. To	 study	 intra-site	 spatial	patterning	of	archaeological	knapping	 floors	 in	order	 to	
assess	origins	and	processes	behind	the	original	knapping	event(s).	 		Experimental	knapping	is	completed	to	model	intra-site	artefact	spatial	patterning	produced	by	 individual	knapping	events.	This	predicts	patterns	produced	by	 left	and	right	handed	knapping	and	varying	knapping	stance.	The	stances	analysed	in	these	experiments	are	informed	by	ethnographic	observations	of	Aboriginal	people	and	 include	 multiple	 spatial	 variables	 such	 as	 artefact	 size	 sorting	 as	 well	 as	distribution,	 to	 improve	 on	 the	 previous	 models	 created	 in	 the	 literature	(eg.Newcomer	and	Sieveking	1980).			
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3. Apply	 the	 experimental	 knapping	models	 to	 the	 study	 area	 knapping	 floor	 sites	 to	
determine	the	degree	to	which	knapping	events	are	preserved.			Experimental	models	outlined	above	are	used	to	interpret	archaeological	knapping	floor	sites	in	the	study	area.	The	strength	of	these	models	are	explored,	including	their	ability	to	identify	individual	knapping	events.		
			
Thesis	Organisation		This	 thesis	 is	organised	 into	 ten	chapters.	Chapter	2	outlines	 the	 theoretical	 framework,	specifically	an	organisation	of	technology	approach.	 	Relevant	themes	from	the	literature	are	discussed	including	embedded	procurement,	expedience	and	raw	material	abundance	in	 the	 organisation	 of	 technology.	 In	 addition,	 aspects	 related	 to	 time-scales	 of	archaeological	data	(and	specifically	knapping	floors)	are	assessed	and	the	potential	of	the	latter	for	revealing	individual	actions	and	events.			Chapter	 3	 provides	 background	 information	 about	 the	 study	 area.	 This	 includes	 the	environmental	context,	geological	information	and	previous	archaeological	research	in	the	Roxby	dunefield	region.			Chapter	4,	provides	the	methodology	and	methods	used	in	this	thesis.	This	discusses	how	specific	research	aims	are	addressed	in	this	thesis.	Included	in	this	chapter	are	details	of	site	sampling	and	the	fieldwork	methods	used.			Research	results	are	presented	in	Chapters	5	to	7.	Chapter	5,	models	depositional	and	post-depositional	 processes	 influencing	 knapping	 floor	 sites.	 This	 information	 is	 critical	 for	addressing	 the	 second	 research	 aim.	 The	 first	 part	 of	 this	 chapter	 outlines	 results	 of	taphonomic	study	to	determine	the	degree	of	knapping	 floor	artefact	movement	and	the	most	 stable	 contexts	 for	 spatial	 analysis.	 Next	 the	 artefact	 spatial	 patterning	 of	 the	experimental	 knapping	 using	 different	 knapper	 stances	 is	 provided	 creating	models	 for	later	archaeological	application	in	Chapter	7.		Chapters	6	presents	the	technological	analysis	of	the	gibber	plain	knapping	floor	sites.	This	includes	 the	 results	 of	 refitting	 and	 assemblage	 analysis	 and	 is	 structured	 around	 the	interpretation	of	the	lifecycle	of	artefacts	at	these	sites.	This	includes	raw	material	selection	
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(procurement),	artefact	manufacture	and	the	transport	of	selected	artefacts	from	the	site.	At	each	stage	the	interpretation	focuses	on	understanding	influencing	factors	on	the	choices	and	strategies	revealed	by	these	sites.	The	specific	aspects	considered	are	the	role	of	raw	material	characteristics,	knapping	problems,	shared	cultural	norms	and	individual	agency.			This	high-resolution	study	of	knapping	floor	sites,	continues	in	Chapter	7	which	analyses	intra-site	spatial	pattering.	The	first	section	examines	the	formation	history	of	 individual	knapping	floor	features.	The	knapper	stance/handedness	models	developed	in	Chapter	5	are	then	applied	to	select	sites,	determined	to	be	in	the	most	stable	gibber	plain	contexts.	This	 aims	 to	 test	 the	 research	 potential	 of	 knapping	 floor	 sites	 for	 preserving	 high-resolution	spatial	information.		Chapter	8	shifts	the	focus	to	sand	dune	sites	in	the	study	area	and	presents	technological	analyses	of	nine	sand	dune	artefact	assemblages.	This	concentrates	on	two	key	objectives:	characterising	 the	use	 of	 the	 local	 quartzite	 gibber	plain	 raw	material	 for	 stone	 artefact	technology	and	understanding	the	role	of	this	raw	material	in	comparison	to	non-local	raw	materials	and	artefacts	transported	into	the	study	area.			Chapter	9	brings	together	previous,	localised	results	and	applies	them	to	the	landscape	scale	in	order	to	characterise	long-term	organisation	of	quartzite	technology	and	use	of	gibber	plain	 resources.	 This	 addresses	 two	 key	 aspects	 of	 the	 local	 organisation	 of	 technology:	what	the	role	of	the	gibber	plain	knapping	floor	sites	were	and	the	procurement	strategies	used	 to	 create	 the	 sand	 dune	 and	 knapping	 floor	 artefact	 assemblages.	 This	 looks	 for	potential	 connections	 between	 these	 two	 site	 contexts	 and	 models	 the	 behavioural	procurement	modes	used	to	obtain	material	and	artefacts	from	the	gibber	plain	resource.		All	of	 the	 information	and	results	 from	these	chapters	are	 then	discussed	 in	Chapter	10.	Research	 aims	 are	 assessed	 and	 results	 are	 compared	 with	 previous	 studies.	 Future	research	directions	are	then	proposed.				
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2	|	Theoretical	Framework	
	This	chapter	outlines	the	theoretical	approach	adopted	for	interpreting	patterns	observed	in	 the	stone	artefact	assemblages.	 I	adopt	an	organisation	of	 technology	approach	which	views	stone	technology	as	reflective	of	the	lifeways	and	behaviours	of	past	people.			This	chapter	examines	key	factors	that	may	influence	technological	patterns	observed.	This	includes	assessment	of	the	visibility	of	individual	agency	at	knapping	floors	sites.	For	this	reason,	 the	 second	 part	 of	 this	 chapter	 discusses	 archaeology	 of	 the	 individual,	 agency	theory	and	how	this	can	be	compatible	with	an	organisation	of	technology	approach.		
The	Organisation	of	Stone	Technology		Organisation	of	technology	is	an	approach	that	views	acquisition,	production,	maintenance	and	 discard	 of	 artefacts	 as	 embedded	within	 daily	 lives	 and	 adaptive	 strategies	 of	 past	people	(Andrefsky	2008a;	Nelson	1991).	This	theory	suggests	that	a	study	of	artefacts	may	provide	insight	into	broader	behavioural	systems	and	practices.	This	requires	analysis	of	influencing	variables	such	as	environment,	raw	material	and	cultural	contexts.			
Life-cycles	of	Stone	Artefacts	and	the	Reduction	Approach	An	organisation	of	 technology	approach	highlights	chains	of	behaviour	and	processes	by	reconstructing	 and	 interpreting	 artefact	 lifecycles.	 These	 lifecycles	 have	 a	 number	 of	distinct	stages	 including	procurement,	artefact	manufacture,	 transport,	use,	maintenance	and	discard	(Bleed	2001).	All	artefacts	share	raw	material	procurement,	manufacture	and	discard	processes,	but	the	other	stages	are	not	common	to	all.			From	this	perspective,	there	are	a	number	of	different	approaches	to	stone	artefact	life-cycle	analysis,	 each	with	 a	 subtly	 different	 focus	 and	 associated	methodology.	 The	most	well-known	 of	 these	 is	 chaîne	 opératoire,	 which	 models	 the	 sequential	 actions	 and	 mental	processes	required	to	form	a	complete	artefact	(Sellet	1993).	What	sets	this	technological	approach	apart	from	other	sequential	methods	is	its	focus	on	cognition	and	typology.	Mental	templates	of	artefact	form	and	knapping	process	are	fundamental	to	this	model.	These	are	understood	as	normative,	shared	cultural	ideals	(Perlès	1987:23).	My	thesis	draws	on	this	approach,	looking	for	connections	between	the	knapping	processes	and	intended	artefact	
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forms.	However,	chaîne	opératoire	approach	is	normative	and	often	ignores	variability	and	is	not	easy	to	test	through	quantitative	methodologies	(Bleed	2001).		An	alternative	concept	of	‘reduction	sequence’	is	a	perspective	more	commonly	used	amongst	American	(eg.	Andrefsky	2008b;	Dibble	1995;	Eren	et	al.	2005)	and	Australian	(eg.	Clarkson	2005;	Clarkson	and	Lamb	2005;	Hiscock	2007a;	Hiscock	and	Attenbrow	2003)	stone	artefact	researchers.	This	approach	recognises	that	making	flaked	stone	artefacts	is	a	reductive	process	in	which	material	is	successively	removed	from	the	original	nodule	throughout	the	manufacture	and	maintenance	processes.	The	aspects	of	procurement,	manufacture,	maintenance	and	discard	are	examined	along	similar	lines	to	chaîne	opératoire,	however	the	emphasis	is	on	quantitative	measurement	of	material	(Clarkson	2002;	Clarkson	et	al.	2006;	Douglass	et	al.	2008;	Kuhn	1990)	and	the	transformation	of	artefacts	throughout	this	process.	An	important	contribution	of	this	approach	is	the	clear	distinction	made	between	artefact	production	and	use,	so	that	all	flaked	stone	artefacts	are	considered	important	for	understanding	knapping	behaviours,	even	those	that	might	otherwise	have	been	classified	as	‘just	debitage’	(Hiscock	2007b).	Typology	may	or	may	not	play	a	role	in	analysis.	For	example,	lithic	reduction	may	be	used	to	describe	the	technological	system	of	a	particular	‘type’	of	artefact	(Sholts	et	al.	2012).	Some	researchers	using	this	approach	have	completely	rejected	artefact	typologies	as	having	no	emic	value.	Instead	reduction	sequences	are	used	to	demonstrate	that	observed	clustering	of	artefact	morphology	are	the	result	of	artefacts	use	and	maintenance	as	part	of	a	continuum	or	ongoing	process	(Clarkson	2005;	Dibble	1984;	Hiscock	and	Attenbrow	2005).	This	is	in	contrast	to	the	view	that	artefact	types	represent	cultural	mental	templates	of	artefact	form	linked	to	specific	and	different	functions	(McCarthy	1967).	However,	logically	by	explicitly	studying	and	ruling	out	these	factors	as	complete	explanations	of	artefact	form,	the	approach	may	also	be	used	to	highlight	intentional	choices	and	cultural	ideals	(David	2004).	For	this	reason,	it	has	been	said	that	the	distinction	between	the	chaîne	opératoire	and	stone	reduction	approaches	is	not	necessarily	particularly	great,	given		the	ways	in	which	they	are	practically	applied	(Bleed	2001).			The	 reduction	 sequence	 approach	 has	 been	 chosen	 for	 this	 study	 due	 to	 its	 strength	 in	recognising	variability	through	quantitative	analysis	(Andrefsky	2008b).	Since	most	of	the	sites	analysed	in	this	thesis	are	artefact	production	sites	(knapping	floors)	it	is	the	earliest	stages	 of	 the	 artefact	 lifecycle	 that	 are	 the	 focus:	 procurement	 and	 manufacture.	 The	following	sections	focus	on	the	material	expression	of	technological	organisation	for	these	two	aspects.	
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Procurement	Strategies	Procurement	relates	to	choices	and	actions	taken	to	obtain	raw	material	and	artefacts.	A	number	of	different	factors	have	been	shown	to	influence	the	procurement	strategies	used	in	Australia	and	globally.	Raw	material	availability	(Andrefsky	1994a)	and	flaking	quality	(Gould	 and	Saggers	1985)	 are	 important	physical	 and	 environmental	 factors	 that	 create	constraints	and	opportunities.	For	example,	 it	 is	a	 frequently	observed	 trend	 that	where	there	is	a	reasonable	quality	locally	sourced	raw	material,	this	will	often	be	used	as	a	large	part	of	stone	technology	(eg.	Doelman	2008a;	Gould	1980:134).	Where	this	is	not	the	case	considerable	effort	may	be	made	to	procure	non-local	materials	(Gould	and	Saggers	1985).		Raw	material	quality	and	availability	also	strongly	relate	to	the	two	procurement	modes	defined	 by	 Binford	 (1979).	 Embedded	 procurement	 is	 collection	 of	 raw	 material	 and	artefacts	as	a	part	of	broader	subsistence	activities.	Direct	procurement	is	where	trips	are	made	for	the	sole	purpose	of	obtaining	artefacts	and	materials.	These	modes	were	defined	on	the	basis	of	ethnographic	observations	in	Central	Australia	(Binford	1986;	Gould	1978;	Gould	 1980;	 Gould	 and	 Saggers	 1985;	 Hayden	 1976)	 and	 Binford’s	 own	work	with	 the	Eskimo	(Binford	1979).			Binford	 (1979)	 asserted	 that	 among	 the	 Central	 Australian	 Aboriginal	 people	 all	procurement	of	stone	artefacts	was	embedded.	This	included	obtaining	artefacts	from	non-local	materials,	which	Binford	(1979)	interpreted	as	part	of	the	overall	subsistence	strategy	to	establish	long-distance	social	networks,	as	a	reduction	of	risk	from	drought.	An	important	point	 Binford	 (1979)	 makes	 is	 that	 in	 embedded	 procurement	 systems,	 costs-benefits	models	 would	 not	 balance	 (eg.	 Newman	 1994;	 Torrence	 1989).	 Within	 an	 embedded	procurement	system	there	are	no	additional	costs	 incurred	with	greater	source	distance	(see	also	Brantingham	2003).			Gould	and	Saggers	(1985)	rejected	the	assertion	that	there	were	no	examples	of	Aboriginal	direct	 procurement.	 Their	 study	 of	 artefact	 assemblages	 from	 Puntutjarpa	 in	 Central	Australia	focused	on	the	physical	properties	of	local	and	exotic	artefacts	found	at	this	site.	The	authors	demonstrated	that	exotic	materials	were	technically	superior,	suggesting	that	the	benefit	of	acquiring	these	artefacts	cancelled	out	the	costs	of	travelling	to	obtain	them.	Thus	technological	requirements	that	were	not	secondary	to	subsistence	practices	(Gould	and	Saggers	1985).			
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More	 recent	 re-analysis	 of	 the	 Puntutjarpa	 assemblage	 by	 Smith	 (2006)	 related	 the	intensity	of	site	use	with	the	abundance	of	the	local	and	exotic	stone	materials.	Evidence	from	the	late	Holocene	period	showed	a	greater	intensity	of	site	use	and	an	increase	used	of	 exotic	 stone	and	ochre.	One	potential	 explanation	 for	 this	 change	 suggested	by	Smith	(2006)	 is	 a	 shift	 from	 embedded	 procurement	 in	 previous	 periods	 to	 direct	 artefact	procurement	 practices.	 This	 however	 is	 just	 one	 of	 several	 possibilities	 to	 explain	 the	patterning	 including	 increase	 mobility	 with	 more	 frequent	 visits	 and/or	 strengthened	social	 ties	 allowing	 increased	 access	 to	 exotic	 materials	 (Smith	 2006).	 Therefore	 even	where	there	are	clear	examples	of	higher	quality	materials	which	may	offer	technological	benefits	 (such	 as	 argued	 by	 Gould	 and	 Saggers	 (1985)),	 social	 embedding	within	 other	cultural	practices	cannot	be	ruled	out.			Interpretation	of	various	ethno-historic	records	by	McBryde	(1997)	suggest	that	several	key	quarry	locations	around	Australia	containing	rarer	high	quality	stone	and	ochre	materials	were	also	considered	important	ceremonial	sites	and	embedded	within	‘dreaming	tracks’	of	many	Aboriginal	groups.	Local	groups	controlled	these	quarry	sites	and	access	to	their	materials	which	had	significant	value	as	traded	items	over	large	areas	(see	also	McBryde	1984;	Smith	et	al.	2010).	McBryde	(1997)	highlights	ethno-historic	evidence	that	this	trading	occurred	at	large	inter-tribal	meetings	and	ceremonies.	Thus	for	the	people	obtaining	the	artefacts	while	they	did	travel	long	distances	to	obtain	a	higher	technological	quality	material/artefacts,	this	practice	was	embedded	within	a	social	strategy	of	maintaining	ties	and	of	ceremonial/religious	practice.	The	choice	of	these	ceremonial	quarry	locations	was	not	separate	from	the	technological	quality	of	the	raw	material.	For	example	while	the	high	quality	sandstone	grindstone	quarries	of	Innamincka,	Reaphook	Hill	and	Anna	Creek	appear	to	be	examples	of	such	sacred	meeting	places	for	ceremony	and	exchange,	the	lower	quality	quarry	site	of	Narcoonowie	in	the	Strezelecki	desert	appears	to	have	only	utilitarian	value,	producing	grindstones	to	service	the	local	area	(Smith	et	al.	2010).				This	is	not	to	rule	out	direct	procurement	as	a	likely	strategy	of	past	Aboriginal	people	in	certain	circumstances.	This	is	supported	by	ethnographic	examples	by	Gould	(1978)	and		Binford	(1986)	who	separately	witnessed	Aboriginal	people	making	special	long-distance	trips	to	collect	higher	quality	materials	for	stone	artefacts.	Thus,	both	direct	and	embedded	procurement	modes	may	have	operated	in	Australia,	with	raw	material	availability	and	quality	shown	to	be	critical	factors.			
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Another	point	 of	 variability	 in	 the	organisation	of	 artefact	procurement	 is	 the	degree	of	staged	reduction	and	knapping.	This	aspect	is	important	for	stone	where	the	raw	material	source	 is	 separate	 from	 the	 location	 of	 artefact	 use	 and	 discard.	 In	 these	 multi-staged	artefact	 lifecycles,	 movement	 of	 material	 at	 point(s)	 in	 the	 reduction	 continuum	 are	strategically	 chosen	 by	 past	 people.	 At	 one	 extreme,	 whole	 stone	 nodules	 may	 be	transported	from	the	source	location	to	where	they	are	knapped	and	used.	Alternatively,	complete	 artefacts	 may	 be	 produced	 at	 that	 raw	 material	 source	 before	 they	 are	transported.	Varying	degrees	of	reduction	may	also	occur	at	multiple	 locations	along	the	technological	lifecycle.		Each	of	these	different	strategies	provide	different	opportunities	and	constraints	(Binford	1979;	Hiscock	2006a).	 For	 example,	 transporting	 large	unworked	 stone	nodules	has	 the	greatest	transport	costs.	However,	this	offers	the	greatest	flexibility	to	the	knapper	in	terms	of	the	type	or	number	of	artefacts	that	can	be	produced.	A	close	source	location,	that	reduces	transport	 costs,	 and	 consistent	 raw	material	 quality	 appear	 to	 be	 dominant	 factors	 that	influence	this	choice	(Barton	2003;	Cane	1992;	Thacker	1996).			Another	driving	factor	of	this	technological	choice	may	be	the	social	organisation	of	artefact	production.	Cane	(1992)	observed	in	the	Western	Desert,	young	people	in	the	Aboriginal	community	taking	on	the	role	of	raw	material	collection.	Artefact	manufacture,	was	carried	out	by	the	elders,	who	were	considered	specialists	at	this	task.	A	similar	system	was	also	observed	by	Aiston	(1928)	near	Lake	Eyre,	not	far	from	the	Roxby	dunefield.	This	too	relates	to	 the	 observations	 of	 Binford	 (1979)	 that	 the	 raw	 material	 obtained	 by	 embedded	procurement	was	accumulated	at	habitation	sites	and	then	became	a	general	community-wide	 resource	whenever	 artefacts	were	 required.	 Thus	movement	 of	 unworked	 (or	 less	reduced)	material	allows	separation	of	the	procurement	and	knapping	processes.		Minimal	raw	material	reduction,	prior	to	transport,	rather	than	the	movement	of	unworked	stone,	 is	 a	 strategy	 that	 balances	 flexibility	 and	 the	 risk	 of	wasting	 time	 and	 energy	 on	unsuitable	material	(Beck	et	al.	2002;	Hiscock	2006a).	This	may	be	important	where	raw	material	quality	is	inconsistent	(Andrefsky	1994b).	Knappers	may	also	have	no	choice	but	to	partially	reduce	material	where	it	is	present	naturally	as	geological	outcrops,	rather	than	loose	surface	stone	(Hiscock	and	Mitchell	1993).		At	the	other	end	of	the	spectrum,	primary	reduction	or	completion	of	the	knapping	process,	prior	to	transport,	reduces	transport	costs	(Beck	et	al.	2002).	This	strategy	may	be	attractive	in	 environments	where	 sources	 are	 distant	 from	habitation	 sites	 and	 there	 is	 a	 need	 to	
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optimise	these	costs.	Gould	(1980)	observed	this	to	be	the	preferred	strategy	in	the	Western	and	 Central	 Australian	 deserts.	 Only	 where	 water	 resources	 were	 unavailable	 at	 the	quarries,	did	knappers	choose	to	transport	unworked	materials	to	habitation	sites.			Where	there	are	clear,	or	standardised	artefact	forms	as	intended	products	(eg.	Akerman	2007;	Binford	1986;	Moore	2003)	knapping	at	the	raw	material	source	may	also	be	preferred.	This	includes	examples	where	this	strategy	is	incorporated	into	complex	craft	specialities	and/or	the	production	of	artefacts	for	trade	(Hiscock	2005b;	McBryde	1984;	Schortman	and	Urban	2004;	Spitzer	2006;	Tibbett	2002).		In	these	circumstances,	flexible	material	use	is	not	important.				The	theoretical	concept	of	‘curation’	as	a	form	of	technological	organisation	is	also	relevant	to	 procurement	 and	 as	 well	 as	 artefact	 use.	 The	 term	 was	 first	 used	 to	 describe	 past	technology	 by	 Binford	 (1979).	 In	 this	 first	work	 it	was	 implied	 to	 relate	 to	 transported	artefacts	 and	 therefore	 the	 contrast	 to	 expedient	 tools	 that	 were	 produced,	 used	 and	discarded	at	the	same	place	(see	also	Nelson	1991).	Since	this	work,	the	concept	has	been	expanded	 and	 changed	 to	 relate	 to	 a	 diverse	 range	 of	 aspects	 such	 tool	 efficiency,	production	effort,	production	 in	advance	of	use	and	 tool	 recycling	 (Bamforth	1986).	For	many,	 curated	 technologies	 have	 become	 synonymous	with	 artefact	 retouch	 (Andrefsky	2008b)	 and	 efforts	 have	 been	 directed	 at	 quantifying	 flake	 reduction	 with	 the	 aim	 of	measuring	 curation	 (eg.	 Davis	 and	 Shea	 1998;	 Eren	 et	 al.	 2005;	 Kuhn	 1990;	 Shott	 and	Ballenger	 2007).	 However,	 even	 today	 there	 is	 still	 no	 standard	 definition	 of	 curation	(Andrefsky	2008a;	Holdaway	and	Douglass	2012;	Shott	1996)	which	has	even	lead	to	calls	to	abandon	the	concept	entirely	(Nash	1996).		However	the	approach	taken	by	Douglass	et	al.	(2008)	for	their	study	of	Aboriginal	gibber	stone	use	in	arid	Western	NSW,	is	to	go	back	to	the	original	concept	of	curation	described	by	Binford	(1979).	Curated	technologies	were	taken	to	refer	to	transported	artefacts	from	their	location	of	manufacture	and	raw	material	procurement,	in	anticipation	of	future	needs	(Douglass	2011;	Douglass	et	al.	2008;	Holdaway	and	Douglass	2012).	In	their	study,	it	was	identified	 through	 the	 analysis	 of	 cortex	 cover	 there	were	 large	 thin	 flakes	missing	 and	interpreted	 to	 be	 transported	 from	 the	 knapping.	 This	 highlighted	 that	 unretouched	artefacts	 may	 also	 be	 a	 component	 of	 curated	 technologies	 and	 therefore	 focusing	 on	measuring	retouch	may	neither	directly	identify	curation,	nor	be	a	reliable	measure	of	such	practices.	This	organisation	of	artefact	procurement	was	argued	to	be	due	to	an	anticipation	of	future	needs.	Holdaway	and	Douglass	(2012)	cite	Kuhn	(1994)	to	argue	that	flakes	were	the	most	efficient	way	to	move	stone	rather	than	cores	(or	nodules).		
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	Missing	from	this	discussion,	is	the	observation	that	raw	material	resources	may	simply	be	in	different	locations	to	where	habitation	and	the	activities	involving	the	stone	artefact	use	were	 best	 undertaken.	 This	 is	 obviously	 the	 case	 where	 materials	 are	 obtained	 from	localised	quarry	sites	(eg.	Doelman	2008b),	but	 likewise	may	also	apply	to	non-localised	sources	such	as	the	gibber	plains	that	were	the	focus	of	both	Douglass	et	al.	(2008)	and	are	of	 this	 thesis.	Previous	 research	 in	 the	Roxby	dunefield	area	has	already	 identified	clear	environmental	 patterns	which	 focus	 habitation	 to	 sand	 dune	 sites	 (which	 are	 devoid	 of	naturally	occurring	stone)	and	knapping	floor	and	quarry	sites	to	rocky	gibber	plains	and	swales	(Hughes	et	al.	2011	see	Chapter	3	for	further	discussion).	As	Douglass	et	al.	(2008)	does	identify,	artefacts	need	not	be	moved	great	distances	to	be	transported	technologies.			Douglass	 et	al.	 (2008)	 is	without	a	doubt	a	highly	 relevant	 study	 to	 this	 thesis	 research,	being	focused	in	similar	environmental	contexts	(gibber	plains)	and	within	a	similar	arid	Australian	 context.	 As	 such	 it	 makes	 sense	 to	 adopt	 a	 similar	 definition	 of	 curation	 as	transported	technology	for	the	research	in	this	thesis	to	provide	comparable	information	and	 to	 contribute	 to	 the	 broader	 understanding	 of	 technological	 organisation	 in	 arid	Australia.			In	 summary,	 the	 examples	 outlined	 in	 this	 discussion	 have	 highlighted	 the	 connection	between	procurement	choices	and	the	underlying	cultural,	environmental	and	raw	material	contexts	that	influence	the	strategies	used.	This	is	also	explored	in	the	study	of	procurement	in	 the	Roxby	dunefield	 study	 area,	which	 includes	both	 an	 abundant	 local,	 raw	material	resource	(the	gibber	plain)	and	separate,	dune	habitation	sites.	Procurement	choices	were	made	in	the	selection	of	material	in	the	gibber	plain,	including	what	was	knapped	in	situ	in	the	knapping	 floor	 sites.	Artefact	procurement	 through	 the	 transport	of	material	 and/or	artefacts	was	 also	 an	 important	part	 of	 the	 formation	of	 the	dune	 site	 assemblages	 that	contain	 artefacts	 made	 from	 both	 the	 local	 gibber	 stone	 and	 non-local	 materials.	 This	provides	 an	 opportunity	 to	 explore	 and	 contrast	 the	 role	 of	 environmental	 factors	 of	material	abundance	and	proximity	to	source.	The	gibber	plain	knapping	floors,	which	are	also	at	varying	distances	from	the	habitation	sites,	are	studied	using	a	cost-benefits	analysis	to	interpret	the	procurement	mode	(direct	or	embedded)	(Binford	1979)(see	Chapter	4	for	the	methodology).	This	provides	insight	into	the	way	that	stone	technology	production	was	incorporated	into	the	lifestyles	and	subsistence	strategies	of	past	people.			
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Knapping	Strategies	and	Artefacts	Knapping	 strategy	 refers	 to	 the	methods	 and	process	of	making	 stone	 artefacts.	Using	 a	stone	 reduction	 approach,	 assemblages	 are	 analysed	 in	 order	 to	 build	 a	 picture	 of	 the	sequential	actions	taken	by	knappers	to	create	artefacts.	Thus,	similar	to	the	study	of	the	procurement	stage,	the	goal	is	to	interpret	behaviours	that	underlie	patterns	in	the	stone	artefact	record	(Andrefsky	2008a).	The	following	section	discusses	a	number	of	influencing	variables	relevant	to	this	study.		
Raw	Material	Characteristics	Raw	 material	 characteristics	 include	 availability,	 distribution,	 quality	 and	 nodule	morphology.	All	of	these	factors	have	been	highlighted	in	the	literature	as	contributing	to	stone	artefact	manufacture	and	form.	The	relationship	between	stone	technology	and	raw	material	 is	discussed	by	Andrefsky	(1994a),	giving	a	number	of	archaeological	examples,	including	 some	 from	Australia.	 Central	 to	 his	model,	 is	 a	 distinction	 between	 two	main	artefact	 types:	 formal	 versus	 expedient	 tools.	 Formal	 stone	 tools	 are	 those	 that	 require	greater	 effort	 to	 produce.	 This	 may	 appear	 in	 the	 form	 of	 a	 greater	 degree	 of	 retouch,	creating	 more	 complex	 morphologies,	 as	 well	 standardisation	 of	 formal	 tools	 into	statistically	significant	‘types’	(Binford	1979).	In	contrast,	expedient	tools	have	simpler,	less	standardised	forms.	Unretouched	flake	artefacts	fall	into	this	category.	Andrefsky	(1994a)	argued	that	where	quality	of	material	was	high,	formal	artefacts	occurred	both	in	situations	of	 raw	material	abundance	and	 low	occurrence.	Conversely	 if	 the	stone	quality	was	 low,	only	informal	artefacts	were	produced	(Andrefsky	1994a).	This	generalised	trend	is	likely	related	to	limitations	in	ability	to	be	retouched	and/or	maintain	a	sharp	edge	with	use	when	using	 lesser	 quality	 materials.	 This	 may	 explain	 for	 example	 why	 quartzite	 was	 not	generally	 used	 to	 make	 Australian	 tulas,	 a	 highly	 formalised	 artefact	 that	 was	 usually	resharpened	multiple	times	before	discard.	Only	finer	grained	materials,	such	as	silcrete	or	chert	was	used	(Hiscock	and	Veth	1991;	Hughes	et	al.	2014a;	Moore	2004).			Practices	which	are	more	or	less	conservative	in	terms	of	raw	material	use,	have	also	been	closely	 tied	 to	 raw	 material	 availability.	 When	 the	 costs	 of	 replacing	 a	 material	 are	increased,	greater	efforts	will	be	made	 to	optimise	core	 reduction	and	 tool	maintenance	(Doelman	et	al.	2001).	This	may	be	due	to	factors	such	as	increasing	distance	from	source	(Beck	 et	 al.	 2002;	Doelman	 et	 al.	 2001),	 greater	mobility	 (Bamforth	1986),	 or	 risk	 from	resource	predictability	(Attenbrow	et	al.	2009;	Bamforth	and	Bleed	1997;	Hiscock	1994b).	Conservative	core	reduction	maximises	the	number	of	useful	artefacts	that	can	be	produced	by	using	techniques	such	as	platform	preparation	or	multidirectional	knapping,	or	simply	reduces	 amount	 of	 material	 required.	 Similarly,	 retouched	 flakes	 may	 be	 retouched	 to	
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resharpen	and	to	extend	their	potential	use-life	(Bamforth	and	Bleed	1997;	Binford	1979;	Gould	and	Saggers	1985;	Rezek	et	al.	2011).	The	study	area	assemblages	are	ideal	for	further	exploring	 these	 ideas	 as	 they	 include	 artefacts	 from	 both	 local	 materials	 and	 non-local	materials	that	may	have	increased	replacement	costs.				Nodule	form	is	another	raw	material	characteristic	that	can	influence	knapping	strategies	and	 final	 artefact	 form.	 For	 example,	 there	 is	 a	 strong	 relationship	 between	 the	 size	 of	artefacts	and	size	of	the	original	material,	with	larger	artefacts	resulting	from	larger	nodules	(Andrefsky	1994b;	 Shott	1994).	Nodule	 shape	 can	also	 constrain	 the	 resulting	 form	and	influence	strategies	used	(Sharon	2008),	as	can	the	location	and	thickness	of	cortex	(Hiscock	2006b).	These	studies	highlight	that	in	all	knapping	situations,	the	unique	characteristics	of	the	raw	material	chosen	provide	constraints	and	opportunities	that	knappers	navigated	to	meet	 their	 goals.	 This	 can	 create	 standardisation	 in	 the	 knapping	 strategies	 used,	particularly	 where	 material	 form	 and/or	 intended	 outputs	 are	 also	 standardized	(Hopkinson	and	White	2005;	Moore	2004).	Difference	in	nodule	morphology	has	also	been	highlighted	as	a	source	of	variability	in	the	way	core	reduction	took	place	(Hiscock	2006b).			The	previous	studies	highlight	the	importance	of	beginning	the	investigation	of	influence	on	knapping	strategies	with	raw	material	characteristics.	Regardless	of	 the	other	 factors	that	also	contribute	to	both	individual	action	and	long-term	trends,	raw	material	attributes	place	 structural	 limits	 on	 the	 way	 it	 can	 be	 knapped	 and	 used.	 As	 a	 physical	 and	environmental	constraint,	 it	has	a	timeless	reach	that	makes	it	an	ideal	starting	point	for	this	research	into	knapping	behaviours	over	both	t	long	and	short-term	time-scales.					
Problem	Solving	Actions	Another	 potential	 contributor	 to	 the	 way	 artefacts	 are	 made	 and	 cores	 reduced,	 is	 the	mitigation	of	circumstantial	problems	that	arise	during	the	knapping	process.		This	is	the	basis	 of	 the	 interpretation	 made	 by	 Hiscock	 (2006b)	 who	 studied	 a	 series	 of	 refitted	knapping	floors	from	Lawn	Hill,	in	Australia,	and	found	a	wide	degree	of	variability	in	the	reduction	strategies	used.	On	an	individual	nodule	basis,	Hiscock	tracked	the	occurrence	of	a	number	of	issues	that	arose	in	the	core	that	could	detrimentally	affect	the	control	and	form	of	 subsequent	 flakes.	 These	 issues	 were	 abrupt	 negative	 flake	 scar	 terminations	 and	 a	widening	core	base	beyond	the	flaking	platform	core.	He	found	that	knappers	used	a	variety	of	 different	 strategies	 including	 core	 rotation,	 platform	 trimming	 and	 the	 intentional	production	of	outrepasse	flakes	to	correct	core	morphology.	Core	problems	that	could	not	be	overcome	also	dictated	the	point	of	discard.			
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Hiscock	(2006b)	argued	that	the	way	cores	were	reduced,	and	in	particular	the	number	of	flaking	platforms,	was	primarily	associated	with	the	techniques	to	correct	core	morphology.	This	emphasises	the	importance	of	analysing	knapping	floors	on	an	individual	basis,	as	each	will	represent	a	different	set	of	knapping	circumstances.		The	other	implication	of	this	research	is	that	it	highlights	the	role	of	the	individual	knapper	in	the	knapping	process.	Hiscock	(2006b)	argued	that	knappers	had	a	toolkit	of	procedural	knowledge	which	 they	drew	upon	 to	 solve	knapping	 issues.	This	was	also	 influenced	by	their	prior	knowledge	and	degree	of	skill	(Hiscock	2014).	Similar	flexible	problem	solving	is	also	evident	in	2.34	million	year	old	refitted	artefacts	from	Kenya	(Delagnes	and	Roche	2005).	These	studies	are	examples	of	knapping	strategies	that	were	not	determined	by	the	problems	 that	 arise	 (which	 were	 also	 produced	 by	 the	 prior	 actions	 of	 the	 individual).	Instead	 they	 were	 an	 interaction	 of	 individuals,	 learned	 (shared)	 knapping	 skills	 and	circumstance.	This	could	be	viewed	as	one	form	of	individual	agency.			This	type	of	research	is	particularly	important	for	the	current	examination	of	the	study	area	knapping	floor,	which	also	uses	refitting	analysis	of	individual	knapped	nodules.	It	is	an	aim	of	this	research	to	understand	the	role	of	individual	agency	in	the	creation	of	the	study	area	technology.	This	work	highlights	one	way	agency	may	contribute	to	knapping	strategies	and	be	visible	in	the	archaeological	record.	This	theme	is	expanded	upon	later	in	this	chapter	within	the	discussion	of	agency	theory	and	other	potential	ways	individuals	can	contribute	to	the	archaeological	record.			
Shared	Culture	and	Standardised	Artefact	Types	Different	knappers	sharing	a	procedural	tool-kit	as	described	in	the	discussion	above,	is	one	form	of	shared	cultural	knowledge.	Its	expression	however	affords	knappers	a	high	degree	of	flexibility	that	was	expressed	as	variance	(Delagnes	and	Roche	2005;	Hiscock	2014).	In	contrast,	however,	there	also	is	a	long	history	in	the	study	of	stone	technology	of	focus	on	artefact	 and	 knapping	 strategy	 ‘traditions’	 which	 are	 viewed	 as	 standardised	 cultural	constructs,	repeated	by	many	individuals	and	generations	of	knappers.			The	 concept	 of	 artefact	 typology	 is	 one	 example	 of	 this	 (eg.	 McCarthy	 1967),	 with	 its	classification	 of	 artefacts	 into	 various	 groups	with	 assumed	 functions.	 A	 product	 of	 the	culture	 histories	 approach,	 the	 emphasis	 is	 on	 qualitative	 description	 rather	 than	explanation.	Many	of	the	typological	classes	used	within	this	approach	have	been	exposed	as	unreliable	evidence	of	function	or	intentional	endpoints	(Clarkson	2005;	Clarkson	and	Lamb	2005;	Hiscock	1994a).	Despite	this,	several	artefact	‘types’	have	remained	useful	from	
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an	analysis	perspective	and	likely	represent	an	emic	classification	of	the	Aboriginal	people	that	 made	 them.	 In	 Australia	 these	 types	 include	 tulas	 (Moore	 2004),	 backed	 artefacts	(Attenbrow	 et	al.	 2008)	and	ground	stone	axes	 (McBryde	1984).	 In	 the	Roxby	dunefield	region,	backed	artefacts,	pirri	points,	unifacial	points,	 grindstones	and	 tulas	are	 types	of	standardised	artefacts	were	identified	by	the	HEHODAP	(Hughes	et	al.	2011).			If	 there	 are	 standardised	 artefact	 forms	 that	 are	 the	 intended	 output	 of	 knapping,	 this	appears	to	also	create	a	degree	of	standardisation	in	the	reduction	strategies	(Ewonus	2005;	Moore	2004)	which	would	represent	shared	knowledge	of	the	manufacture	technique.	This	is	to	be	expected	as	if	there	are	intended	standardised	artefacts	there	would	be	limited	ways	to	produce	these.			There	are	however	very	limited	accounts	of	this	type	of	standardisation	in	Australian	lithic	technology,	particularly	in	the	manufacture	of	unretouched	flake	artefacts	that	characterise	most	of	the	Roxby	dunefield	assemblages	(Sullivan	and	Hughes	2014).	Rather,	ethnographic	records	of	Aboriginal	knapping	highlight	a	high	degree	of	variability	and	lack	of	planning	for	 the	 production	 of	 non-formalised	 artefact	 types.	 This	 includes	 describing	 Aboriginal	knappers	as	showing	‘indifference’	to	the	processes	or	having	knapped	at	‘random’	(Gould	
et	 al.	 1971;	Hayden	1979;	Tindale	1965).	 There	 are	 clear	 issues	with	 interpreting	 these	ethnographies	 literally,	 as	 the	 observer	 may	 misinterpret	 the	 knappers	 perspective	 or	focus.	However,	it	does	highlight	that	knapping	for	many	types	of	artefacts	such	as	simple	cutting	blades	for	everyday	tasks	could	easily	be	a	habituated	task,	residing	in	the	muscle	memory	of	the	knapper,	especially	where	the	intended	output	is	relatively	flexible.			For	this	type	of	technology	there	may	also	not	be	a	relationship	between	an	intended	goal	of	the	knapper	and	the	artefacts	that	are	eventually	selected	from	those	produced.	In	the	ethnographic	 observations	 by	 Hiscock	 (2004)	 artefacts	 were	 selected	 by	 negotiation	between	two	individuals,	highlighting	that	social	factors	that	may	be	at	play	in	this	choice.			In	 several	 ethnographies	 (Hayden	1979;	Hiscock	2004)	knappers	only	 selected	artefacts	after	 a	 core	 was	 completely	 reduced	 rather	 than	 strategically	 knapping	 towards	 one	intended	artefact.	This	has	also	been	presented	as	evidence	of	less	intention	towards	a	rigid	intended	 artefact	 type	 and	Holdaway	 and	Douglass	 (2012)	 contends	 that	more	 random	knapping	techniques	may	in	fact	be	beneficial	for	knappers	when	a	variety	of	artefact	types	are	wished	to	be	produced	in	the	one	knapping	process.				
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The	 ethnographic	 research	 highlights	 the	 importance	 of	 testing	 variability	 rather	 than	assuming	standardisation	as	is	common	in	the	chaîne	opératoire	approach.	However,	this	is	not	to	say	that	there	are	no	instances	of	either	standardised	artefact	forms	or	standardised	knapping	 procedures	 in	 Australian	 stone	 technology.	 Therefore,	 this	 aspect	 is	acknowledged	as	one	potential	 contributor	 to	knapping	 strategy.	However,	 since	 similar	artefacts	can	be	the	result	of	different	knapping	strategies	(Hiscock	2006b)	or	processes	of	tool	maintenance	(Dibble	1995),	the	best	methodology	may	be	to	study	this	aspect	after	the	influence	of	other	processes	are	accounted	for	and	understood.	This	is	the	approach	taken	in	this	study	of	the	Roxby	dunefield	study	area	and	is	outlined	in	greater	detail	in	Chapter	4.		
Studying	Individual	Events	and	Agency	
	It	 is	 a	 research	aim	of	 this	 thesis	 to	 study	 the	potential	of	knapping	 floor	 sites	 to	 reveal	information	 about	 knapping	 events	 and	 the	 role	 of	 individual	 knapper	 agency	 on	 the	organisation	of	technology.	The	ability	to	access	this	high	level	information,	however,	is	a	source	of	 considerable	debate	 in	archaeology,	which	 is	 reflective	of	broader	disciplinary	theoretical	trends.	Describing	individual	events	and	people	has	a	long	tradition	in	classical	archaeology	and	the	culture-historical	tradition	(eg.	Lothrop	1942).	This	includes	the	notion	of	‘living	floors’	and	‘tool-kits’	which	were	assumed	to	represent	moments	in	time	(eg.	Clark	1954;	Gould	1980;	Leroi-Gourhan	and	Brézillon	1966).			As	site	formation	processes	became	better	understood	(Malinsky-Buller	et	al.	2011;	Schiffer	1976,	1983,	1985)	the	‘living-floor’	approach	was	generally	rejected	(Binford	1981;	Gregg	
et	al.	1990;	Schiffer	1985;	Wandsnider	1996;	Whallon	1978).	Many	authors	(eg	Clark	1992;	Kelly	 1995:340;	 Stern	 et	 al.	 2002)	 felt	 that	 due	 to	 the	 dynamism	 of	 site	 formation,	 the	individual	event	was	a	level	of	resolution	inaccessible	in	the	archaeological	record	and	that	all	assemblages	were	palimpsests.	This	debate	relates	to	measuring	the	temporal	resolution	of	archaeological	deposits	and	their	appropriateness	for	specific	research	questions	in	what	is	known	as	 ‘temporal	perspectivisim’	 (Bailey	2007).	This	has	been	a	key	concern	 for	 in	surface	 archaeology	 (Dunnell	 1992;	 Ebert	 1992;	 Jones	 and	Beck	 1992)	which	 is	 further	discussed	in	Chapter	4.		With	further	research,	the	study	of	high-resolution	archaeology	has	evolved	beyond	a	static	‘living-floor’	perspective,	to	develop	a	number	of	new	and	interesting	approaches	to	access	individuals	and	events	(eg.Williams	and	Andrefsky	2011).	These	are	discussed	along	with	
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theoretical	developments	that	place	a	high	level	of	importance	on	accessing	the	actions	of	individuals	in	the	creation	of	the	longer	term	archaeological	record	(Hodder	1987).			
Identifying	Individuals	and	Agency	The	use	of	style	as	markers	of	individuality	has	played	an	important	role.	This	approach	was	first	outlined	in	the	seminal	work	The	Individual	in	Prehistory	(Hill	and	Gunn	1977).	Within	this	volume	there	are	many	examples	of	this	approach,	using	stylistic	variation	in	artefacts	to	distinguish	the	work	of	individuals.	This	type	of	style	or	form	(a	term	used	to	avoid	the	debate	about	style	versus	function)	based	analysis,	relies	heavily	on	the	work	of	experimental	archaeology	to	determine	idiosyncratic	markers	which	can	be	ascribed	to	an	individual	(Gunn	1975;	Redman	1977;	Watts	2013;	Whittaker	1987).	The	variability	in	artefacts	produced	by	an	individual	has	been	shown	in	experimental	work	generally	to	be	is	less	than	that	produced	between	different	individuals	(Thomas	et	al.	2009).	This	work	identified	attributes	such	as	the	retouch	scar	orientations	(Whittaker	1987).	A	suite	of	debitage	attributes	such	as	flake	size,	striking	angle	and	flake	terminations	on	an	assemblage	scale	can	preserve	signatures	of	individual	knappers	(Gunn	1975;	Johnson	1977).	Analyses	of	this	type	have	become	sophisticated	and	include	application	of	principal	component	analysis	(PCP)	for	the	comparison	of	multiple	variables	to	reveal	individuality	(Foulds	2010;	Williams	and	Andrefsky	2011).	This	PCP	technique,	which	is	further	discussed	in	Chapter	4,	is	also	applied	in	this	thesis	to	look	for	evidence	of	individual	knappers	making	multiple	knapping	floors.	Finding	knapping	floors	that	provide	evidence	of	artisan	identity	could	involve	examining	standardised	procurement	and	reduction	strategy.	Therefore,	this	is	an	extremely	useful	tool	for	establishing	temporal	links	between	different	knapping	floors.	 	The	goals	of	these	early	examples	of	the	archaeology	of	individuals	were	primarily	to	‘factor	out’	their	role	in	the	creation	of	cultural	variability	(Cahen	and	Keeley	1980;	Hill	and	Gunn	1977).	 In	 these	 studies	 individuals	 were	 not	 acknowledged	 for	 their	 active	 role	 in	 the	creation	 of	 overall	 trends	 and	 cultural	 systems.	 Details	 of	 individual	 events	 were	 not	considered	of	real	importance.			It	 is	 only	 more	 recently	 that	 post-processual	 research	 has	 brought	 the	 individual	 and	individual	action	back	into	focus	(eg.	Gowlett	1997;	Hodder	2000).	Describing	individual	actions	and	events	provides	valuable	information	about	what	people	actually	did	(Gowlett	1997).	 These	 stone	 artefact	 studies	 are	 part	 of	 a	 broader	move	 towards	 agency	 theory	(Barrett	2001;	Dobres	and	Robb	2000b;	Hodder	2000;	Knapp	and	van	Dommelen	2008).	
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Most	 archaeologies	 of	 agency	 have	 been	 inspired	 by	 Giddens’	 (1984)	 concept	 of	structuration	and	Bourdieu’s	concept	of	practice	(1977)	which	view	that	“all	human	action	is	carried	on	by	knowledgeable	agents	who	both	construct	the	social	world	through	their	action,	but	yet	whose	action	is	also	conditioned	or	constrained	by	the	very	world	of	their	creation”	(Giddens	1981:54).	For	the	most	part,	this	view	has	exlusively	focused	on	social	structures,	structuration	and	practice	(eg.	Dobres	and	Robb	2000a).			However	for	many	archaeological	questions,	this	perspective	is	too	limited	and	does	not	pay	enough	attention	to	how	the	material	and	physical	world,	external	to	the	human	mind	and	culture,	also	act	as	types	of	situational	structures	influencing	individual	(and	group)	action	(Hägerstrand	 1985;	 Hopkinson	 and	White	 2005;	Mrozowski	 1991).	 Thus	 an	 alternative	archaeological	 theory	 has	 been	 proposed	 by	 Ingold	 (1986)	 inspired	 by	 Gibson’s	 (1979)	ecological	psychology	of	perception	and	affordances.	This	approach	views	human	agency	within	 a	 finite	 material,	 environmental,	 social	 and	 technological	 world	 in	 which	opportunities	 and	 limitations	 (or	 affordances)	 are	 latent	 in	 the	 environment	 (a	 term	extended	 to	 the	 social	 environment	 as	well	 as	 the	 natural)	 external	 to	 individual	 actors	(Gibson	1979).	The	individual	can	pursue	their	own	particular	goals	within	these	options	so	far	as	they	have	the	ability	to	percieve	opportunties.	Perception	is	in	turn	influenced	by	other	structuring	aspects	such	as	historical	knowledge	(conscious	and	subconscious)	and	individual	skill	(Ingold	1986).	Like	structuration	theory	(Giddens	1981)	individual	choice	and	actions	create	and	perpetuate	the	same	aspects	of	the	structural	environment	for	future	action.	 However	 unlike	 structuration	 theory	 the	 physical	 body	 (of	 all	 organisms)	 is	acknowledged	as	having	physical	 requirements	and	capabilities	of	perception.	Therefore	ecological	concepts	including	evolution	and	the	organisation	of	technology	framework,	are	compatiable	with	this	view	(Grene	1969;	Hopkinson	and	White	2005;	Ingold	1986).			While	this	theory	has	yet	to	receive	much	attention	in	the	literature,	it	has	found	favour	in	the	 study	 of	 the	 deep	 archaeological	 past	 which	 may	 lack	 the	 necessary	 contextual	information	to	 focus	purely	on	social	aspects	of	culture.	For	example	 it	has	been	used	to	interpret	 the	 form	of	Acheulean	handaxes	 from	the	Middle	Paleolithic	 (Hopkinson	2007;	Hopkinson	and	White	2005).	By	considering	raw	material	properties,	craft	specialisation	and	technologial	requirements	it	has	been	shown	that	raw	material	form	afforded	knappers	a	limited	range	of	axe	forms.	For	elongate	stone	nodules,	pointed	axes,	which	were	the	most	efficient	use	of	the	raw	material,	were	produced.	However,	when	broader	nodules	and	flake	blanks	were	used	a	wider	variety	of	axe	forms	were	produced	with	preference	shown	for	ovate	shaped	axes	 (Hopkinson	and	White	2005).	This	 is	 interpreted	as:	 “differential	and	contextually	 appropriate	 application	 of	 this	 received	 knowledgeability	 to	 diverse	 real-
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world	 situations	by	 individual	knappers.”	 (Hopkinson	and	White	2005:23).	 It	makes	 the	important	observation	that	different	resources	can	afford	different	degrees	of	flexibility	for	human	action.  	This	variability	in	the	range	of	choices	available,	or	in	other	words	the	degree	of	agency	of	an	 individual	 in	 a	 particular	 circumstance,	 is	 an	 aspect	 not	 well	 covered	 by	 traditional	agency	 theory	 approaches.	 Giddens	 (1984:165)	 refers	 to	 difference	 in	 “the	 degree	 of	systemness”	but	this	 is	only	 in	reference	to	the	power	of	 institutions.	This	has	 led	to	the	critique	that	the	structuration	concept	is	too	‘hierarchically	flat’	(Parker	2000:105).	Yet	a	focus	on	variability	in	the	degree	of	flexibility	afforded	in	different	situations	(including	for	different	 individuals)	 could	 be	 an	 important	 factor	 in	 the	 interpretation	 of	 patterns	 of	standardisation	and	variability	in	the	archaeological	record.	This	also	relates	to	the	range	of	technological	skills	individuals	possess	and	therefore	the	ability	to	act	in	a	variety	of	ways	towards	different	circumstances	and	to	meet	their	technological	needs	(Delagnes	and	Roche	2005).		An	additional	relevant	and	interesting	concept	of	 individual	agency	is	that	it	need	not	be	linked	 to	 intentionality	 (David	 2004).	 This	 is	 a	 particularly	 useful	 idea	 for	 the	 study	 of	archaeological	 assemblages	 because	 it	 can	 be	 difficult,	 if	 not	 impossible,	 to	 separate	intention	 from	 action	 and	 unintended	 occurrences	 (Haslam	 2006).	 Bourdieu’s	 (1977)	concept	 of	 habitus	 includes	 the	 physical	 embodiment	 of	 agency	 through	 semi-	 and	subconscious	habits,	routines	and	skills.	This	identifies	the	practice	of	everyday	tasks	as	an	act	of	individual	agency	and	that	it	is	not	just	restricted	to	rebellious	attempts	to	change	the	course	of	structurated	norms.			Inspired	by	this	perspective,	Glăveanu	(2012)	created	the	idea	of	habitual	creativity,	which	is	agent-centred	variability	within	everyday	tasks.	In	particular,	this	is	argued	to	apply	in	the	 case	of	 craft	production	activities.	These	may	 roughly	 follow	 learned	and	previously	experienced	 procedures,	 but	 in	 addition	 to	 these	 influencers	 there	 is	 a	 semi-conscious	degree	of	creative	variability	that	is	an	act	of	agency.	This	appears	to	be	most	present	where	craftspeople	experience	less	restriction	and	consequence	on	the	actions	and	choices	they	can	make	(Glăveanu	2012).		This	may	be	a	useful	concept	 for	studying	knapping	strategies	and	variability	 in	artefact	form,	particularly	where	this	is	variability	that	cannot	be	explained	by	other	factors.		If	the	repeated	work	of	individual	knappers	can	be	identified	through	the	analysis	of	idiosyncratic	signatures	 for	 example	 (Williams	 and	 Andrefsky	 2011),	 then	 the	 amount	 of	 variability	
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present	within	an	individual’s	habitual	practice	may	be	of	significant	interest.	Indeed,	the	ethnographic	accounts	previously	described	which	noted	knappers	showing	‘indifference’	and	knapping	‘randomly’	(Holdaway	and	Douglass	2012)	may	be	examples	of	expression	of	this	habitual	creativity.	This	idea	is	furthermore	supported	by	the	observation	that	in	these	instances	the	Aboriginal	knappers	were	making	 ‘every	day’	artefacts	and	not	 formal	 tool	types.	Hence	this	may	have	afforded	them	a	 level	of	 flexibility,	where	 individual	habitual	creativity	could	play	a	role.				These	ideas	are	explored	in	detail	in	the	analysis	of	knapping	strategy	used	in	the	study	area	knapping	floor	sites.	Along	with	the	other	potential	and	influencing	factors	of	raw	material	and	standardised	intended	forms	and	procedures,	this	research	seeks	to	draw	out	the	role	of	individual	agency	through	the	analysis	of	problem	solving	actions	and	of	unconstrained	creative	variation	of	the	knapping	practice.		
Conclusions		This	 research	 uses	 an	 organisation	 of	 technology	 approach	 to	 interpret	 the	 lifecycle	 of	artefacts	 in	 the	 study	 area	 and	 the	 contributing	 role	 of	 the	 local	 environment,	 the	 raw	material,	shared	cultural	knowledge	and	individual	agency.	Technological	organisation	is	argued	to	occur	at	multiple	temporal	scales	including	long-term	trends	and	as	an	individual	practice	that	contributes	to	the	broad-scale	patterns	observed.			By	 studying	 stone	 technology	 using	 this	 lifecycle	 approach	 the	 people	 behind	 the	 stone	artefacts	and	the	way	they	creatively	adapted	to	their	environmental	and	cultural	contexts	can	be	revealed.	The	Roxby	dunefield	study	area	provides	an	interesting	case-study	of	raw	material	 abundance	which	may	have	 influenced	 the	way	 stone	was	used.	There	are	also	examples	of	non-local	raw	materials	within	the	dune	site	artefact	assemblages,	so	distance	from	source	is	a	variable	that	can	be	addressed.			Finally,	this	research	takes	advantage	of	the	unique	opportunities	provided	by	the	knapping	floor	 sites,	 which	 are	 hypothesised	 to	 provide	 a	 window	 into	 the	 work	 of	 individual	knappers	and	individual	knapping	events.	This	is	tested	through	a	site	formation	study	in	Chapter	5	and	using	other	methods	such	as	refitting	analysis	in	Chapter	6.	However,	should	at	least	some	aspects	of	individual	events	be	preserved,	then	high-resolution	insights	may	be	 achieved,	 including	 how	 different	 influencing	 factors	 of	 technology	 operate	 and	 are	enacted	at	the	individual	scale.			
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3	|	The	Study	Area	
	This	 chapter	 provides	 specific	 context	 for	 this	 research.	 It	 begins	 by	 locating	 the	 area	geographically,	then	providing	an	overview	of	the	environmental	context	for	the	PhD	study	area.	 This	 includes	 hydrology,	 geology	 and	 geomorphology.	 Previous	 archaeological	research	in	the	region	and	the	study	area	is	outlined	along	with	its	specific	implications	for	the	research	aims	of	this	project.		
Location	and	Context	of	this	Research	Project		The	Roxby	dunefield,	is	a	stony	and	sandy	desert	area	located	in	arid	central	South	Australia,	south	of	Lake	Eyre	and	west	of	Lake	Torrens,	570km	north	of	Adelaide	and	79km	north	of	Woomera.	It	is	named	after	the	Roxby	Downs	cattle	station	and	the	Roxby	downs	township	(see	Figure	1).	Within	this	area,	is	the	Olympic	Dam	BHP	Billiton	mine.			When	BHP	Billiton	was	considering	an	open	cut	expansion	to	the	Olympic	Dam	mine	they	commissioned	an	environmental	 impact	statement	(EIS)	and	 impact	mitigation	program,	which	included	a	600km2	area	referred	to	as	the	‘Application	Area’	(Figure	2).	Huonbrook	Environment	&	Heritage	(HEH)	was	hired	to	undertake	an	archaeological	survey,	salvage	and	analysis	of	this	area.	This	project	included	both	academic	research	and	cultural	heritage	management	 and	 is	 referred	 throughout	 this	 thesis	 the	 HEH	Olympic	 Dam	Archaeology	Program	(HEHODAP)	(Hughes	et	al.	2012;	Sullivan	and	Hughes	2014).			The	 PhD	 research	 reported	 within	 this	 thesis,	 is	 an	 independent	 subproject	 of	 the	HEHODAP.	It	focuses	on	a	rectangular	9km2	area	in	the	north-east	of	the	Application	Area	designated	as	the	study	area	(Figure	2).	This	study	area	is	dominated	by	a	gibber	(stony)	plain	which	is	bordered	by	linear	sand	dunes	running	in	a	near	east-west	alignment	(Figure	3).	The	gibber	stone	is	derived	from	the	Bulldog	Shale	geological	unit	(K)	which	comprises	ice-rafted	pebble	to	boulder	sized	quartzite	clasts.	The	distance	between	sand	dunes	and	thus	the	width	of	the	gibber	plain	varies	from	0.5km	at	the	western	end	of	the	study	area	to	2.1km	at	the	eastern	end.				
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	Figure	1:	Location	of	Roxby	Downs	and	Olympic	Dam	in	the	Roxby	dunefield	region	of	South	Australia	(from:	Sullivan	and	Hughes	2014)		
	Figure	2:	Map	of	the	Olympic	Dam	mine	site,	the	current	special	mining	lease,	Application	Area	and	the	study	area			
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	Figure	3:	Map	of	the	study	area	landscape	
	
The	Environmental	Context:	A	Regional	View	
	
Climate	and	Hydrology	The	arc	of	saline	playas	to	the	north	and	west	of	the	Flinders	Ranges,	from	Lake	Eyre	in	the	north	to	Lake	Frome	in	the	south,	provides	some	of	the	best	paleo-climatic	records	for	the	region.	This	research	suggests	current	climatic	conditions	have	remained	consistent	for	the	last	3000-5000	years	(Cohen	et	al.	2012;	Hesse	et	al.	2005:64).	Increased	monsoon	activity,	causing	 infilling	of	Lake	Eyre,	occurred	at	several	periods	during	the	 first	half	of	 the	 last	glacial	cycle	(from	approximately	125	to	50-45ka).	No	significant	filling	events	have	been	recorded	during	the	subsequent	period	(Cohen	et	al.	2012,	2015;	Magee	and	Miller	1998).			Aridity	 and	 cooling	 increased	 thereafter,	 peaking	 at	 the	 last	 glacial	 maximum	 (LGM)	 at	~20ka	(Fitzsimmons	et	al.2013).	Immediately	after	the	LGM	up	until	about	11ka	the	region	experienced	a	period	of	increased	precipitation	and	conditions	were	much	wetter	(but	still	cooler)	than	at	any	time	during	the	Holocene	(Fitzsimmons	et	al.2013,	Hughes	et	al.	2014).	During	this	period	Lake	Frome	experienced	a	significant	filling	event	at	~13.2ka,	although	Lake	Eyre	did	not	(Cohen	et	al.	2012).	In	the	early	to	mid-Holocene,	culminating	at	~7-5ka,	the	 south-eastern	 arid	 zone	 in	 which	 the	 Roxby	 dunefield	 occurs	 appears	 to	 have	experienced	 climatic	 conditions	 which	 were	 more	 humid	 and	 stable	 than	 subsequently	
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(Fitzsimmons	 et	 al.	 2013:92).	The	period	4-5ka	marks	 the	onset	of	modern	ENSO	and	a	transition	to	a	drier	and	more	variable	climatic	pattern	that	continues	to	the	present	day.		The	current	climate	of	 the	Roxby	dunefield	 is	arid	with	 the	area	receiving	an	average	of	167mm	of	 rain	annually	and	with	an	evaporation	 rate	of	3000ml	per	year.	Most	 rainfall	occurs	in	short,	intense	and	unpredictable	events	with	no	consistent	seasonality	-	a	typical	arid	 zone	 rainfall	 pattern.	 The	 average	maximum	 summer	 temperature	 is	 36oC	 and	 the	minimum	winter	temperature	is	5oC	(ARUP/ENSR.	2009:	Chapter	8).		In	the	Roxby	dunefield	water	sources	that	may	have	been	utilised	by	prehistoric	Aboriginal	people	include:		
• Cane	grass	swamps	which	are	vegetated	depressions	that	accumulate	water	from	surface	run-off.	Even	after	surface	water	has	evaporated	moisture	continues	to	be	present	 in	 the	 sediment	 for	 long	 periods,	 providing	 water	 soaks	 which	 can	 be	collected	 by	 digging	 (Bayly	 1999)	 (Figure	 4).	 The	 pattern	 of	 archaeological	 site	occurrences	identified	from	the	HEH	Olympic	Dam	archaeology	survey	(see	Hughes	et	al	2011,	Hughes	and	Sullivan	2012)	 indicates	 these	were	 the	major	sources	of	water	used	by	Aboriginal	people	in	the	past.		
• Pans	of	varying	size	that	can	pool	water	 for	relatively	short	periods	of	 time	after	precipitation	events.		
• Small	 ephemeral	 local	 lakes	 including	Lake	Mary,	 Coorlay	 Lagoon,	 Lake	Blanche,	Red	 Lake	 and	 Lake	 Reynolds.	 In	 the	 current	 climatic	 conditions	 after	 significant	repeated	rain	events	these	lakes	can	hold	water	for	up	to	several	years.		
• North	of	the	Roxby	dunefield,	towards	Lake	Eyre	South	there	are	also	many	mound	springs	 that	are	a	permanent	 source	of	 low	quality	water	 (Badman	2000;	Florek	1987,	1993).	The	archaeological	sites	at	these	springs	are	highly	dense	suggesting	repeated	use	of	the	sites	and	it	has	been	suggested	that	as	the	only	reliable	source	of	water	in	the	wider	region,	these	areas	may	have	acted	as	interim	refugia	during	times	of	drought	(Florek	1993;	Hughes	and	Hiscock	2005).			
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	Figure	4:	Cane	grass	swamp	after	rain	
	
Geology	and	Landforms	The	surface	geology	of	the	Roxby	dunefield	region	includes	dissected	stony	tablelands	and	plateau	 surfaces	 (gibber	 plains)	 covered	 in	 part	 by	 Quaternary	 dunefields	 (Table	 1).	Landform	type	in	the	Roxby	dunefields	region	was	mapped	by	the	HEHODAP	and	classified	on	the	basis	of	occurrence	of	sand	deposits	and	by	sand	dune	spacing	(Table	2).	The	terrain	in	 the	 Roxby	 dunefield	 is	 thus	 understood	 as	 a	 combination	 of	 both	 landform	 type	 and	geology	(Figure	5).	This	 terrain	 information	was	critical	 to	predictive	 (and	subsequently	explanatory)	modelling	done	by	the	HEHODAP	which	will	be	discussed	later	in	this	chapter	as	previous	archaeological	research.		 Table	1:	Geological	units	and	material	sources	(adapted	from	Hughes	et	al.	2014a)	
Geological	Unit	 Code	 %	of	
Application	
Area	
Materials	Present	
Quaternary.	Aeolian	sand	
dunes,	swales	and	clay	
pans	
Q	 48.5	 No	rock	
Cainozoic	(Tertiary).	
Watchie	Sandstone	
Member.	
Czs	 29.3	 Silcrete	
Cretaceous.	Bulldog	Shale	 K	 3.1	 Kaolinic	siltstones,	shales	and	sandstones	
with	ice	rafted	pebbles,	cobbles	and	
boulders	of	quartzite	and	minor	silcrete	and	
chert	
Cambrian.	Andamooka	
Limestone	
A	 12.0	 Chert	and	dolomitic	limestone	
Precambrian.	Simmens	
member	of	the	Arcoona	
Quartzite	
P	 7.1	 Flaggy	quartzite	
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Table	2:	Landform	types	(adapted	from	(Hughes	et	al.	2011))	
Landform	#	 Landform	Type	
1	 Tableland	
2	 Tableland	with	dissection	slopes	
3	 Drainage	depressions	
4	 Widely	spaced	dunes	covering	<30%	of	land	surface	
5	 Moderately	spaced	covering	30-60%	of	land	surface	
6	 Closely	spaced	dunes	covering	>60%	of	land	surface		
	Figure	5:	Terrain	pattern	of	the	Roxby	dunefield		
Knappable	Stone	Materials	Present	The	surface	geology	of	the	region,	provided	a	number	of	different	stone	materials,	some	of	which	were	of	knappable	quality.	Silcrete	is	the	most	abundant	raw	material	available	and	is	 associated	 with	 Cainozoic	 (Czs)	 geological	 unit	 (Table	 1).	 Silcrete	 is	 a	 siliceous,	sedimentary	 stone	which	 varies	 from	 coarse	 grained	 to	 very	 fine	 grained	 and	 is	 highly	knappable.	When	analysed	in	thin-section	it	was	found	that	much	of	the	raw	material		that	macroscopically	 resembled	 chert,	 was	 actually	 a	 very	 fine-grained	 high	 quality	 silcrete	(Hughes	et	al.	2014a).		Chert	 is	mainly	associated	with	Andamooka	 limestone	deposit	 (A	unit)	and	 is	present	as	either	nodule	inclusions	within	the	limestone	beds	or	as	silica	replacement	layers	formed	on	 the	 weathered	 limestone	 surface.	 The	 Roxby	 dunefield	 chert	 ranges	 from	 relatively	crystalline	 (which	 was	 not	 knappable)	 to	 cryptocrystalline	 sometimes	 containing	 oolite	
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inclusions.	In	the	study	area	gibber,	there	were	occasional	cobbles	(64-256mm)	of	opaque	oolitic	chert	contained	within	the	Bulldog	Shale	(K)	ice-rafted	unit.		Quartzite	is	a	fine	to	coarse	grained	meta-sedimentary	rock	found	in	both	the	Bulldog	Shale	unit	 (K)	and	 the	Precambrian	Arcoona	Quartzite	unit	 (P).	The	quartzites	 from	these	 two	geological	 units	 are	 clearly	 distinguishable	 from	 one	 another.	 Both	 are	 confirmed	 to	 be	ortho-quartzites	when	viewed	in	thin-section.	The	P	quartzite	is	flaggy	in	form,	found	as	flat	tablets	in	the	gibber	with	a	thick	brown	cortex.	It	is	relatively	coarse	grained	and	of	poor	knapping	quality.	This	material	retains	strong	bedding	textures	and	was	formed	from	the	metamorphism	of	local	sandstones.		The	K	quartzite	is	blocky	or	rounded	in	form	and	generally	finer-grained.	This	material	is	commonly	of	high	knapping	quality	and	only	occasionally	retains	clear	bedding	textures.	The	K	quartzite	is	the	predominant	durable	component	of	the	ice-rafted	deposit	comprising	the	Bulldog	shale.	It	is	found	in	nodules	from	pebble	(2-64mm)	to	boulder	(>256mm)	sized.	Both	quartzites	are	generally	light	grey	in	colour	on	fresh	surfaces,	although	there	are	other	colours	occasionally.			There	 are	 also	 small	 amounts	 of	 quartz,	 limestone,	 siliceous	 breccia	 (which	 can	 be	considered	a	subclass	of	silcrete),	all	present	in	the	gibbers,	and	tektites	(Rowland	2014).	All	these	materials	were	used	occasionally	for	stone	artefacts	(Hughes	et	al.	2014a).		
Fauna	and	Flora	The	flora	and	fauna	in	the	Roxby	dunefield	are	typical	of	an	Australian	arid	environment.	Vegetation	is	sparse	and	animals	present	are	well	adapted	to	living	without	reliable	sources	of	water.	The	 largest	native	fauna	present	are	kangaroos	and	emus.	Populations	of	 these	animals	 fluctuate	greatly	with	periods	of	rainfall	(Read	1992).	Pastoral	activities	and	the	introduction	of	invasive	feral	species	including	foxes,	rabbits	and	wild	dogs	and	cats	have	had	a	lasting	effect	on	both	the	native	flora	and	fauna	(Badman	1999).	A	large	section	of	land	adjacent	to	and	north	of	the	Olympic	Dam	mine	has	been	set	aside	as	an	environmental	preservation	area	by	Arid	Recovery.	 In	this	area	 feral	species	were	removed	and	several	natives	which	had	become	extinct	in	the	area	were	re-introduced.	These	include	burrowing	bettongs	(Bettongia	lesueur) and	bilbys	(Macrotis	lagotis)	which	were	identified	as	having	been	present	 in	 the	 area	 in	 the	past	 from	 fossils	 (James	 and	Eldridge	2007).	Burrowing	animals	such	as	rabbits	and	bettongs	are	likely	to	have	had	a	taphonomic	impact	on	dune	archaeological	sites.		
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	Vegetation	is	largely	determined	by	landform	with	sand	dunes	and	gibber	plains	providing	distinct	and	different	habitats	(Figure	6).	Gibber	covered	plains	and	swales	are	dominated	by	chenopod	low	shrub-lands	in	particular	salt	bush	(Atriplex	vesicaria).	Trees	are	rare	and	usually	present	only	in	sandy	swales	or	on	patchy	zones	on	sand	dunes.	This	may	have	contributed	to	the	abundance	of	stone	artefacts	in	the	Roxby	dunefield	area,	which	is	of	particular	significance	to	this	thesis	research.			
	Figure	6:	Typical	vegetation	in	the	Roxby	dunefield	in	different	landforms	(From:	ARUP/ENSR.	2009:434)		Badman	 (2000),	 who	 studied	 the	 ethnobotany	 of	 Lake	 Eyre	 south	 region	 including	 the	Roxby	dunefield,	argues	that	plants	were	the	only	reliable	source	of	food	in	the	area	and	thus	must	have	been	the	staple	diet	of	local	Aboriginal	peoples.	Animals	were	undoubtedly	also	hunted,	however	they	were	more	seasonal	(there	almost	always	being	a	one	or	more	sources	of	plant	foods	in	all	seasons)	and	could	not	be	relied	upon	for	the	entirety	of	the	Aboriginal	diet.	Kangaroos,	emu,	lizards,	birds,	rats	and	grubs	probably	played	a	role	as	food	sources.	It	is	likely	that	human	occupation	of	the	area	was	always	intermittent	and	limited	to	wet	periods	(Hughes	et	al.	2014b)	when	both	plant	and	animal	food	sources	were	most	abundant.			
Chronological	History	of	Aboriginal	Occupation	and	Archaeology	in	the	Broader	
Arid	Zone	Aboriginal	people	first	occupied	Australia	more	than	50ka	ago	(Hiscock	2008).	Puritjarra	rock	shelter	dated	at	35ka	(Smith	1987;	Smith	et	al.	1997)	and	Kulpi	Mara	(Thorley	1998)	
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dated	at	34ka	are	some	of	the	earliest	examples	of	Aboriginal	occupation	of	the	arid	centre	of	Australia.	There	are	also	examples	of	much	older	sites	on	the	desert	margins	and	semi-arid	areas	such	as	the	Pilbara	(O'Connor	et	al.	1998),	Port	Augusta	(Walshe	2012)	and	Lake	Mungo	(Bowler	et	al.	2003;	Bowler	et	al.	1970).	This	includes	some	very	recent	dates	from	the	Warratyi	rockshelter	in	the	Flinders	Ranges	that	date	to	46kya,	and	include	evidence	of	a	potential	 interaction	of	Aboriginal	people	and	megafauna	(Hamm	et	al.	2016).	There	 is	however	currently	no	evidence	that	people	moved	 into	the	southern	arid	desert	 interior	until	 much	 later	 despite	 conditions	 being	 much	 wetter	 than	 they	 are	 currently	 until	approximately	50-45ka	(Fitzsimmons	et	al.	2013).			During	the	last	glacial	maximum	(LGM)	which	peaked	approximately	22-20ka	conditions	were	much	colder	and	drier	and	desert	occupation	in	general	appears	to	be	isolated	to	small	refugia	with	restricted	pockets	of	permanent	resources	(Williams	et	al.	2013a)	or	to	short	term	 use	 during	 flooding	 events.	 Of	 these	 the	 nearest	 to	 the	 Roxby	 dunefield	 are	 the	Madigan	Gulf	Site	4	on	the	shore	of	Lake	Eyre	and	JSN	in	the	Strzelecki	Desert	both	of	which	were	temporarily	occupied	during	this	time,	at	periods	corresponding	to	flood	events	of	the	Cooper	Creek	channel	(Smith	2013:145).			Part	 of	 the	 HEHODAP	 included	 a	 major	 program	 of	 OSL	 dating.	 This	 dated	 the	 earliest	occupation	of	the	Roxby	dunefield	region	at	18.2ka	(Hughes	et	al.	2014).	More	details	about	this	 dating	 program	 and	 its	 implication	 for	 this	 research	 project	 of	 the	 study	 area	 are	provided	later	in	this	chapter	with	other	background	information	from	the	HEHODAP.	
	Previous	 archaeological	 research	 in	 the	broader	 arid	 zone	has	had	a	major	 focus	on	 the	development	 of	 settlement-subsistence	 models.	 This	 includes	 the	 degree	 of	 mobility	 or	sedentism	 of	 past	 Aboriginal	 people.	 The	 first	 such	models	 described	 Australian	 desert	culture	as	unchanging	through	time	and	largely	dictated	by	adaptations	to	manage	the	harsh	desert	environment.	Richard	Gould	used	ethnographic	work	combined	with	the	analysis	of	archaeological	 assemblages	 such	 as	 Puntutjarpa	 rockshelter	 (Gould	 1969;	 Gould	 1980;	Gould	and	Saggers	1985)	to	argue	that	technology	and	lifeways	of	Aboriginal	desert	people	were	static	throughout	prehistory.	Desert	people	were	understood	to	be	highly	mobile	with	low	 population	 density	 and	 highly	 efficient	 at	 extracting	 subsistence	 needs	 from	 scarce	resources.	This	was	interpreted	from	the	use	of	portable	stone	tools	such	as	tulas	and	the	use	of	grindstones	to	extract	food	from	grasses	(Gould	1969;	Gould	1980;	Gould	et	al.	1971).	The	presence	of	‘exotic’	raw	materials	in	the	stone	artefact	assemblages	were	interpreted	to	represent	large	foraging	areas	and	the	presence	of	long-distance	exchange	networks	to	reduce	risk	(Gould	and	Saggers	1985).		
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	Two	major	problems	arise	with	this	theory.	Firstly,	the	Australian	arid	zone	is	highly	diverse	with	 a	 large	 degree	 of	 regional	 variability	 (Hiscock	 2008;	 Veth	 1993).	 Secondly,	 as	 has	already	been	described	in	this	chapter,	there	has	been	a	large	amount	of	climatic	change	which	is	reflected	in	the	availability	of	resources	from	the	Pleistocene	to	the	present	day.	The	 Puntutjarpa	 Rockshelter	 assemblage	 was	 also	 later	 re-analysed	 by	 several	 other	researchers	 (Hiscock	 and	 Veth	 1991;	 Smith	 2006)	where	 it	was	 shown	 that	 there	were	significant	differences	in	technology	between	the	late	Pleistocene	and	Holocene	periods.			An	 improvement	 on	 this	 static	 model	 was	 the	 early	 work	 by	 Veth	 (1993).	 He	 used	 a	combination	of	ethnohistoric	records	and	stone	artefact	assemblages	excavated	from	rock	shelters	in	the	Western	desert,	to	develop	a	seasonal	subsistence	model.	It	was	argued	that	settlement	patterns	changed	throughout	the	year	influenced	by	patterns	of	seasonal	rainfall	and	the	reliability	of	water	resources.	During	summer	rainfall	people	operated	within	small,	highly	mobile	groups	which	opportunistically	exploited	 for	short	periods	of	 time,	widely	dispersed	temporary	water	sources.	In	contrast,	during	the	dry	times	of	the	year,	settlement	retreated	to	fewer	key	locations,	where	more	reliable	permanent	water	could	be	obtained.	This	created	larger	settlement	groups	for	the	season	that	were	more	sedentary	than	during	the	wetter	period.	Inspired	by	the	theories	of	Binford	(1979),	Veth	(1993)	argued	that	this	was	reflected	in	the	number	of	stone	artefacts	and	their	degree	of	reduction.	During	more	sedentary	 dry	 season,	 artefacts	would	 be	more	 highly	 reduced	 as	 the	 range	 of	material	available	was	lower.	Not	addressed	by	this	theory	however	was	long-term	change	through	time.	However,	as	a	short-term	model	it	has	use	for	interpreting	individual	time	periods	and	places	including	the	Roxby	dunefields.		In	the	last	two	decades,	the	study	of	long-term	cultural	changes	has	become	a	major	focus	of	 Australian	 desert	 research.	 This	 includes	 the	 influence	 of	 climatic	 and	 environmental	changes	 on	 the	 settlement,	 subsistence	 and	 technological	 strategies	 (Hesse	 et	 al.	 2005;	Hiscock	and	O'Connor	2005;	Smith	2006;	Smith	and	Ross	2008;	Veth	2005).	Of	particular	interest	is	how	the	increasing	aridity	brought	on	by	the	LGM	period	was	managed	by	the	people	facing	greater	resource	uncertainty	and	risks.	Veth	(2005)	created	an	index	of	stress	to	 compare	 the	 conditions	 faced	 by	 past	 Aboriginal	 people	 in	 different	 parts	 of	 central	Australia	based	on	a	variety	of	stone	artefact	markers,	rock	art	style	and	faunal	evidence.	From	this	he	argued	that	there	was	evidence	of	social	and	economic	changes	with	climatic	variation.	 However,	 there	 was	 not	 one	 standard	 response	 between	 regions	 and	 time	periods.	 Past	 people	 minimized	 their	 risks	 using	 a	 variety	 of	 different	 mechanisms	responding	to	cycles	in	the	past	climatic	patterns.		
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	However,	despite	 regional	and	shorter-term	variability,	 there	are	patterns	which	appear	consistent	 throughout	 the	 arid	 zone.	 In	 particular	 it	 has	 been	 found	 there	 was	 a		proliferation	of	a	distinctive	tool	kit	of	microliths,	grindstones	and	composite	tools	such	as	adzes	around	4	thousand	years	ago	(Hiscock	2008).	While	many	of	these	artefact	types	had	existed	 in	 prior	 periods,	 there	 is	 a	 distinctive	 rise	 in	 their	 abundance	 and	 distribution	throughout	arid	Australia	and	beyond.	This	coincided	with	the	shift	to	an	ENSO	dominated	climate,	which	created	higher	variability	in	weather	patterns	(Hiscock	1994b;	Hiscock	and	Veth	1991;	Smith	2013).	It	has	been	argued	that	microliths	and	adzes	were	a	risk	reduction	strategy	in	times	of	increased	mobility.	Their	standardisation	providing	an	easy	to	maintain	toolkit	that	could	reworked	and	repaired	as	necessary	whilst	access	to	new	stone	resources	was	 more	 uncertain	 (Hiscock	 1994b).	 In	 contrast	 grindstone	 use	 may	 have	 opened	 up	access	 to	 new	 food	 sources	 (grass	 seeds)	 enabling	 larger	 populations	 to	 remain	 more	sedentary	during	times	of	increasing	food	scarcity	(Smith	1986).			Overall	 these	 studies	 show	 the	 dominance	 that	 risk	 management	 has	 played	 in	 the	theoretical	 developments	 of	 Australian	 desert	 archaeology.	 This	 includes	 adaptations	 to	climate	change,	scarcity	of	resources	and	the	management	of	uncertain	or	varied	access	to	stone	 resources.	 Previous	 stone	 artefact	 studies	 have	 been	 a	 direct	 reflection	 of	 these	themes	with	a	particular	emphasis	on	the	often-repeated	study	of	a	few	relatively	small,	but	datable	assemblages	 (eg.	Gould	and	Saggers	1985;	Hiscock	and	Veth	1991;	Smith	2006).	There	has	also	been	a	focus	on	retouched	and	formalised	artefact	forms	(Hiscock	1994b)	and	of	the	‘exotic’	component	of	stone	artefact	assemblages	(Saggers	1984).	There	is	room	for	far	more	work	to	focus	on	the	use	of	abundant	resources	(such	as	local	stone)	where	it	is	 available	 and	 non-formalised	 technologies	 that	 likely	 make	 up	 most	 of	 artefact	assemblages.	These	aspects	are	addressed	in	this	thesis	through	a	focus	on	the	use	of	local	gibber	plain	resources.		Much	of	the	prior	research	described	has	been	highly	focus	on	cultural	adaptations	to	the	environment	and	has	elements	of	environmental	determinism.	A	clear	exception	to	this	are	several	rock	art	studies	that	have	focused	on	aspects	such	as	regional	stylistic	differences	as	 a	 signal	 of	 group	 identity	 (McDonald	 and	 Veth	 2013;	 Ross	 2013).	 There	 is	 scope	 to	explore	aspects	of	culture	or	even	individual	agency	in	the	creation	of	the	broader	desert	archaeological	record.	These	aspects	are	also	in	part	addressed	with	this	thesis	through	its	focus	 on	 the	 role	 of	 the	 individual	 and	 individual	 knapping	 events	 in	 the	 creation	 of	quartzite	stone	technology.	
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History	of	Archaeological	and	Ethnographic	Work	in	the	Region		The	earliest	research	 in	 the	region	was	undertaken	by	Aiston	(1928),	who	conducted	an	ethnoarchaeological	study	in	the	general	Lake	Eyre	area	and	recorded	artefact	types	and	their	uses	whilst	living	among	the	local	Aboriginal	people.	He	also	makes	observations	that	are	highly	relevant	for	interpreting	the	raw	material	procurement	and	artefact	production	practices	 in	 the	 Roxby	 dunefield.	 He	 states	 that	 it	 is	 the	 younger	 Aboriginal	 men	 that	collected	the	raw	material	for	stone	artefacts	from	quarries	and	that	material	was	brought	to	protected	locations	in	the	sand	dunes	where	it	was	knapped	by	more	experienced	elders	to	a	 rough	stage.	After	 this	 the	artefacts	were	 then	 taken	 to	 campsites	where	 they	were	worked	 further.	 The	debitage	 from	knapping	 and	 cores	were	 left	 behind	 at	 the	 primary	knapping	 site	 except	 where	 the	 cores	 were	 suitable	 to	 make	 ‘small	 knives’	 and	 in	 this	situation	were	also	 taken	 to	 the	camp	sites	 (Aiston	1928:123).	This	 lifecycle	of	artefacts	described	has	interesting	implications	for	this	study	of	the	organisation	of	technology.	If	the	behaviours	descried	by	Aiston	occurred	throughout	prehistory,	then	it	would	be	expected	that	they	would	produce	clear	differences	in	stone	reduction	markers	of	assemblages	at	the	camp	(dune)	sites	compared	to	those	at	raw	material	sources	(gibber).			Another	relevant	study	was	conducted	by	Hewitt	(1978),	who	described	the	environment	and	the	archaeology	of	the	Arcoona	plateau	which	incorporates	the	Roxby	dunefield	area	at	its	northern	end.	In	this	study	he	created	a	basic	predictive	model	of	the	archaeology	based	on	environmental	determinants.	This	included	recognition	that	sites	within	close	proximity	to	water	sources	had	the	greatest	concentration	of	large	‘campsites’	and	that	as	sites	were	located	further	from	reliable	water	sources	they	were	smaller.	Proximity	to	gibber	plains	is	also	noted	as	an	 important	determinant	of	site	characteristics	with	the	 largest	sites	near	gibbers.	However,	he	did	not	find	any	sites	in	the	gibbers	themselves.			Raw	material	use	for	artefacts	 is	described	in	detail.	Hewitt	noted	that	quartzite	was	the	most	dominant	material	used	for	artefacts	and	that	it	is	located	in	the	local	gibbers.	Silcrete	is	also	present	but	is	mainly	represented	in	smaller	and	outlying	sites	rather	than	the	larger	artefact	 scatters.	 (It	 is	 likely	 however	 that	Hewitt	 identified	 silcrete	with	 coarser	 sandy	grains	as	quartzite,	reserving	the	category	of	silcrete	for	material	with	fine	sand	grains,	and	therefore	overestimated	the	proportion	of	quartzite	as	a	raw	material).	Chert	is	identified	as	being	favoured	for	specific	implement	types	and	was	possibly	traded.	This	includes	the	identification	 of	 a	 local	 oolitic	 chert	 source.	 Grindstones	 made	 of	 platy	 quartzite	 or	sandstone	are	also	described	as	an	important	use	of	the	local	raw	material	(Figure	7)	as	well	as	rare	examples	of	tektite	artefacts	and	shell	artefacts.	These	insights	into	raw	material	use	
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are	 relevant	 to	 this	 project	 as	 they	 provide	 a	 regional	 perspective	 of	 the	 availability	 of	different	raw	material	sources	and	use	for	artefacts.	This	aspect	is	also	considered	in	the	technological	comparison	of	artefacts	of	local	as	opposed	to	non-local	raw	materials	in	the	study	area	sand	dune	assemblages.			
	Figure	7:	Grinding	flat		Between	 the	 1980s	 and	 early	 2000s	 (with	 decreasing	 frequency)	 Hughes	 and	 Hiscock	undertook	several	archaeological	projects	in	the	Olympic	Dam	area	(Hiscock	and	Hughes	1983;	 Hughes	 and	 Hiscock	 2005;	 Mitchell	 2005).	 A	 primary	 focus	 of	 this	 research	 was	developing	a	predictive	model	of	the	area	for	the	EIS	for	the	Olympic	Dam	mine	(Kinhill-Stearns	 1982).	 During	 this	 period	 relatively	 small	 areas	 were	 sampled	 and	 several	characteristics	were	identified	as	a	key	part	of	this	model	including	dune	spacing	(terrain),	distance	to	water	and	geology.	Two	dune	sites	were	also	excavated	in	search	of	subsurface	stratigraphy	and	to	understand	the	processes	of	deflation	and	concentration	of	dune	sites.	At	this	time	no	stratified	deposits	were	found	(Mitchell	2005)	so	at	this	point	the	chronology	of	the	archaeology	of	the	area	remained	unknown.		
The	HEH	Olympic	Dam	Archaeology	Program	2007	and	Onwards		The	 Olympic	 Dam	 Archaeology	 Program	 (HEHODAP)	 under	 the	 direction	 of	 Drs	 Philip	Hughes	and	Marjorie	Sullivan	and	in	association	with	Professor	Peter	Hiscock	(ANU)	began	in	2007	as	a	multi-year	project	to	survey,	then	subsequently	undertake	salvage	mitigation	and	analyse	the	Olympic	Dam	Application	Area	for	BHP	Billiton	Olympic	Dam.	This	project	
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went	 beyond	 a	 typical	 salvage-based	 archaeological	 consultancy	 involving	 partnerships	with	Australian	and	 international	universities	and	academics	and	the	many	 independent	subprojects	(including	this	PhD	project).			The	program	initially	involved	a	block	survey	of	the	entire	Application	Area,	excluding	only	a	small	area	within	the	active	mine	site.	This	found	more	than	18,000	archaeological	sites	(Figure	8).	These	included:		
- knapping	floors	(Figure	9)	
- quarries	(Figure	10)	
- artefact	scatters	(Figure	11)	
- artefact	scatters	with	knapping	floors	hearths	(Figure	12)		
	Figure	8:	Archaeological	sites	found	in	HEH	survey	area	2007-2009		During	the	survey	several	formal	tool	types	were	identified.	These	were	grindstones	(tops	and	 bottoms),	 hammerstones,	 anvils,	 pirri	 points,	 unifacial	 points,	 geometric	 backed	artefacts,	tulas	and	tula	slugs.	Many	of	the	artefacts	have	retouch	that	does	not	conform	to	one	of	these	tool	types	and	were	recorded	as	‘amorphous	retouched	artefacts’.	Unretouched	flakes,	 flake	 fragments	 and	 cores	 are	 the	 most	 common	 artefacts.	 Manuports	 are	 also	present	on	most	dune	sites	and	were	recorded	as	non-artefacts.	These	are	stones	that	are	unmodified,	however	they	must	have	been	brought	to	the	sand	dune	site	by	human	activity.		
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	Figure	9:	Example	of	a	knapping	floor		From	2010	the	HEH	project	moved	into	the	salvage	phase.	Of	the	sites	found	during	survey	approximately	160	were	selected	for	salvage.	These	were	chosen	based	on	several	criteria.	The	aim	was	to	have	a	collection	of	sites	and	artefacts	that	represented	different	landscape	types	of	 the	Roxby	dunefield	 as	well	 as	 sites	 from	different	 geographic	 areas	 across	 the	Application	Area.	Sites	were	also	chosen	based	on	their	ability	to	answer	specific	research	questions.	The	knapping	floor	sites	collected	and	analysed	for	this	thesis	are	an	example	of	targeted	sampling	of	a	specific	type	of	site.			
	Figure	10:	A	silcrete	quarry	
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	Figure	11:	An	example	of	an	artefact	scatter	on	a	sand	dune.	Note	every	rock	visible	on	the	sand	is	either	a	stone	artefact	or	a	manuport.		
	Figure	12:	An	example	of	a	hearth		A	major	focus	of	the	interpretation	of	the	archaeological	survey	data	by	the	HEHODAP,	was	site	predictive	or	explanatory	modelling	(Hughes	et	al.	2011).	This	studied	the	connection	
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between	the	geology,	the	spacing	of	sand	dunes	and	proximity	to	resources	such	as	gibber	and	water	holding	bodies.	The	most	relevant	aspect	of	this	research	for	the	analysis	of	this	study	area,	is	the	correlation	between	site	type	and	specific	landforms.	The	gibber	plains	and	 stony	 swales	 were	 found	 to	 contain	 almost	 exclusively	 knapping	 floor	 sites	 and	quarries.	There	was	no	evidence	that	people	camped	in	these	contexts	as	there	were	few	to	no	general	artefacts	scatters	or	hearths.	In	contrast,	the	sand	dunes	were	demonstrated	to	have	 been	 the	 focus	 of	 habitation.	 Dune	 sites	 near	 stone	 and	water	 resources	were	 the	largest	 in	 the	 area	 containing	up	 to	 several	million	of	 artefacts	 in	deflated	 surfaces,	 and	including	 a	 variety	 of	 different	 raw	materials	 and	 artefact	 types.	 These	 dune	 sites	 also	contained	hearths	and	these	data	were	interpreted	to	mean	that	sand	dunes	were	chosen	for	camp	locations	and	more	extended	domestic	activity	and	this	was	probably	due	to	the	increased	protection	and	softer	surface	they	provided	in	comparison	to	the	exposed,	rocky	gibber	plains	 (Sullivan	and	Hughes	2014).	That	basic	 interpretation	 is	used	as	a	starting	point	for	this	research	of	the	study	area	which	also	compares	aspects	of	the	archaeology	of	both	gibber	plain	and	sand	dune	contexts.				
Stone	Raw	Material	Use	for	Artefacts	Also	 of	 relevance	 to	 this	 thesis	 study	 was	 work	 conducted	 by	 Hughes	 et	 al.	 (2014)	 to	establish	availability	of	raw	materials	used	for	stone	artefacts	in	the	Roxby	dunefield,	and	how	this	influenced	archaeological	site	distributions	(Table	3).		 Table	3:	Percentage	occurrence	of	different	materials	in	archaeological	assemblages	in	different	geological	units(from:	Hughes	et	al.	2014a:76)	
	 Q	 Czs	 K	 A	 P	
Average	for	all	
sites	
Silcrete	(silicified	sand)	 74.2	 67.8	 29.3	 52.1	 79.2	 67.2	
Chert-like	silcrete	 4.1	 3.9	 2.0	 3.3	 4.0	 3.8	
Quartzite	 16.7	 24.3	 61.0	 15.2	 11.9	 20.7	
Chert	 4.6	 3.6	 7.6	 29.4	 4.7	 8.0	
Quartz	 0.38	 0.35	 0.15	 0.1	 0.2	 0.29	
Other	 0.01	 0	 0	 0.01	 0	 0.01	
Total	no.	sites	 4,358	 6,477	 614	 2,370	 2,188	 16,007	
Total	no.	sites	without	
raw	material	records	
142	 91	 0	 16	 70	 319	
%	without	raw	
material	records	
3.3%	 1.4%	 0%	 0.7%	 3.2%	 	
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	Results	indicated	that	Aboriginal	people	in	the	Roxby	dunefield	most	commonly	used	raw	materials	readily	available	to	them	from	the	nearest	gibber	plain	or	swale.	Where	silcrete	was	 available	 (Czs),	 it	 was	 the	 most	 used	 raw	 material.	 Likewise,	 where	 there	 was	 an	abundance	of	high	quality	flakeable	quartzite	(K),	quartzite	was	the	material	most	used	for	stone	artefacts.	Although	it	did	not	make	up	the	highest	percentage	of	raw	material	used	in	any	geological	unit,	chert	was	used	most	where	it	was	immediately	locally	available	(A).			These	data	show	that	silcrete	was	the	dominant	raw	material	used	for	stone	artefacts	in	the	Roxby	dunefield	region.	However,	this	does	not	necessarily	mean	it	was	favoured,	as	there	was	 variability	 in	 the	 abundance	 of	 different	 raw	materials	 by	 area.	 Table	 4	 shows	 the	percentage	 of	 the	 Application	 Area	 of	 each	 geological	 unit	 associated	 with	 knappable	materials.	This	generalised	breakdown	demonstrated	that	stone	of	knappable	quality	was	available	only	in	the	Czs,	A	and	K	geological	units.	It	also	shows	that	in	Czs	areas	there	was	greater	availability	of	silcrete	than	of	other	raw	materials.	The	total	area	of	each	geological	unit	is	a	proxy	for	the	relative	availability	of	the	different	knappable	raw	materials	in	the	Roxby	dunefield	area	(Table	4).	For	silcrete	(CzS)	its	relative	abundance	in	archaeological	assemblages	as	 stone	artefacts	 far	 exceeds	 its	 relative	availability	by	 surface	area	 in	 the	survey	area.	On	the	other	hand,	both	quartzite	and	chert	are	present	in	higher	percentages	at	 sites	 than	 would	 be	 expected	 from	 their	 availability	 alone.	 The	 use	 of	 different	 raw	materials	is	explored	further	by	the	research	in	this	thesis	which	compares	raw	material	use	on	sand	dune	sites	in	the	study	area.		 	Table	4:	Availability	of	raw	materials	for	stone	artefacts	from	different	geological	units	in	the	HEHODAP	survey	area	(the	Application	Area)	
Geological	
Unit	
Percentage	
Total	Area	%	
Percentage	of	
All	Knappable	
Stone	%	
Notes	
Q	 29.3	 -	 No	stone	
Czs	 48.5	 82.7	 Main	source	of	silcrete	
K	 3.1	 5.2	 Main	source	of	high	quality	quartzite	
A	 7.1	 12.1	 Main	source	of	chert	
P	 12.0	 -	 Poor	quality	quartzite.	Not	usually	used	for	
flaking	and	thus	not	included	in	percentage	
of	knappable	stone.	Only	minor	amounts	
were	used	for	grindstones/hearths	stones		
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HEHODAP	Dating	Program	and	Study	of	Technological	Change	The	HEHODAP	conducted	an	extensive	program	of	subsurface	excavation	of	sand	dune	sites	and	the	use	of	single	grain	optical	(OSL)	dating	to	date	sand	grains	associated	with	buried	artefacts	provided	the	first	clear	dates	for	Aboriginal	occupation	of	the	area	(Sullivan	et	al.	2012a;	Sullivan	and	Hughes	2014).	Eight	assemblages	of	artefacts	were	found	dating	to	the	late	Pleistocene	deglacial	period	from	12.1ka	to	18.2ka	(Hughes	et	al.	2014).	This	included	a	small	number	of	artefacts	dated	to	~14ka	buried	at	the	site	ODX_15546	which	is	a	major	dune	site	within	the	study	area	of	this	investigation.	The	presence	of	these	late	Pleistocene	artefacts	was	interpreted	as	short	pulses	of	occupation	during	wet	episodes	which	would	have	 been	 more	 frequent	 and	 marked	 than	 present	 times	 during	 this	 deglacial	 period	following	the	LGM	(Sullivan	and	Hughes	2014).	This	part	of	arid	Australia	was	much	wetter	during	the	deglacial	period	than	at	any	time	subsequently	through	the	Holocene.			There	were	 far	 fewer	artefacts	 from	the	early	 to	mid-Holocene	period	(5-10ka)	showing	little	use	of	the	area,	even	though	this	was	a	relatively	humid	stable	period	compared	with	the	late	Holocene	(Fitzsimmons	et	al.	2013).	On	the	other	hand,	the	overwhelming	majority	of	artefacts	from	dated	contexts	in	the	Roxby	dune	from	is	from	the	late	Holocene	period	and	the	last	4000	years	in	particular	(Hughes	et	al.	2014).	This	is	despite	the	climate	of	the	area	becoming	less	favourable	from	around	that	time.	This	greater	degree	of	risk	is	argued	to	have	been	mitigated	by	certain	adaptive	strategies	(Hiscock	2008;	Smith	2013)	including	technological	ones	such	as	the	use	of	formalised	tool	types	like	backed	artefacts	(Hiscock	1994b;	Sullivan	and	Hughes	2014).		Technological	 analysis	 of	 the	 stone	 artefacts	 from	 the	 HEH	 Olympic	 Dam	 Archaeology	Project	and	its	combination	with	the	OSL	dating	program	revealed	some	interesting	trends	in	stone	artefact	technological	change	through	time.	The	Pleistocene	assemblage	compared	to	 the	more	 recent	Holocene	 assemblages	 appears	 to	 have	 a	wider	 use	 of	 different	 raw	materials	 for	 different	 artefacts	 types.	 In	 this	 respect,	 there	 is	 less	 specialisation	 of	particular	raw	materials	 for	certain	tool	types	 in	the	Pleistocene.	Unretouched	flakes	are	smaller	 in	 this	 period	 but	 retouched	 flakes	 larger	 than	 in	 subsequent	 periods.	 In	 the	Holocene	assemblages,	particularly	the	late	Holocene	(from	~3.5ka),	there	is	an	increased	emphasis	on	the	use	of	silcrete	as	a	raw	material	and	a	clear	specialisation	of	raw	material	types	for	particular	artefact	types.	The	finer	grained	raw	materials	of	silcrete	and	chert	are	preferentially	used	for	standardised	retouched	tool	types	such	as	backed	artefacts	and	tulas	which	also	become	more	abundant	during	this	period	(Sullivan	and	Hughes	2014).			
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HEHODAP	Research	in	the	Study	Area	The	 following	are	 the	results	of	HEHODAP	research	conducted	 in	 the	specific	study	area	analysed	by	this	thesis.	This	includes	the	results	of	the	survey	and	the	excavation	of	the	dune	site	ODX_15546	as	part	of	their	region-wide	dating	program.	
	
Survey	Results	The	HEH	Olympic	Dam	Archaeology	project	database	lists	1175	archaeological	sites	in	the	study	area.	Overwhelmingly	the	dominant	type	of	archaeological	site	in	this	area	is	quartzite	knapping	 floors	 and	 there	 are	 very	 few	 knapping	 floors	 of	 other	 raw	materials	 present	(Table	5).	There	were	a	few	general	artefact	scatters	also	in	the	gibber	plain	which	were	largely	 from	 artefacts	 eroding	 down	 from	 dune	 sites	 into	 the	 gibber	 plain	 immediately	below	the	dune,	additionally	there	were	sites	that	were	primarily	knapping	floor	sites	but	also	contained	one	or	more	artefacts	of	a	different	raw	material	so	were	classified	as	artefact	scatters	 with	 knapping	 floor(s).	 Note	 that	 the	 category	 of	 ‘missing	 data’	 refers	 to	 site	locations	identified	in	the	HEHODAP	survey	for	which	due	to	either	error	or	loss	of	data	no	site	type	was	recorded.		 Table	5:	All	archaeological	sites	identified	in	the	study	area	by	the	HEHODAP	
Context	 Site	Type	 Number	of	Sites	
Dune	 Artefact	Scatter		 359	
	 Artefact	Scatter	with	Knapping	Floor(s)	 106	
	 Isolated	Hearths	 5	
	 Isolated	Knapping	Floors	(KF):	 108	
	 Quartzite	 91	
	 Chert	 4	
	 Silcrete	 4	
	 Missing	Data	 9	
Gibber	Plain	 Artefact	Scatter		 37	
	 Artefact	Scatter	with	Knapping	Floor(s)	 48	
	 Isolated	Hearths	 0	
	 Isolated	Knapping	Floors	(KF):	 202	
	 Quartzite	 187	
	 Chert	 9	
	 Silcrete	 6	
TOTAL	 	 1175			A	map	of	all	the	archaeological	sites	recorded	in	the	HEHODAP	survey	in	the	study	area	is	shown	in	Figure	13.	The	category	of	artefact	scatter	with	knapping	floor	indicates	that	a	site	is	primarily	an	artefact	scatter	and	that	there	may	be	one	or	more	knapping	floors	present	as	 a	 minor	 additional	 feature.	 Many	 sites	 recorded	 as	 only	 artefact	 scatters	 during	 the	survey,	 would	 have	 also	 contained	 knapping	 floors	 which	 were	 not	 identified	 or	 were	
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categorised	differently	by	individual	archaeologists.	For	this	reason,	in	Figure	13,	artefact	scatters	 with	 knapping	 floor	 sites	 are	 combined	 with	 artefact	 scatters	 to	 form	 a	 single	category.	This	is	to	make	clear	those	knapping	floor	sites	which	are	truly	discrete	knapping	locations,	as	well	as	to	highlight	where	a	more	mixed	range	of	activities	as	would	create	an	artefact	scatter	are	present.			The	HEH	survey	also	observed	that	the	largest	and	densest	archaeological	sites	in	the	area	were	focused	on	sand	dunes	and	in	particular	two	sand	dune	‘islands’	in	the	north	of	the	study	area	(Figure	13).	One	of	these	larger	sites,	ODX_15546	was	part	the	HEHODAP	region	wide	excavation	and	dating	program	(see	Figure	13).			
	Figure	13:	Archaeological	sites	in	the	study	area.	Location	of	ODX_15546	dune	site	indicated.				
Excavation	and	Dating	of	ODX_15546	Dune	Site	The	 large	 sand	 dune	 site	 ODX_15546	 was	 excavated	 as	 part	 of	 the	 region	 wide	 dating	program	by	the	HEHODAP	(Sullivan	and	Hughes	2014).	These	results	are	very	relevant	for	this	project	as	they	provide	a	chronological	context	for	the	specific	study	area	and	details	technological	change	through	time.		The	project	dug	three	test	pits	to	a	depth	of	1m	both	in	the	blowout	section	of	the	dune	and	on	the	dune	crest.	It	was	identified	using	OSL	techniques	that	the	surface	artefacts	in	the	
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blowout	area	were	 resting	on	a	21ka	dune	surface,	 in	which	case	 the	artefacts	probably	belonged	to	a	time-averaged	assemblage.	Twenty	stone	artefacts	were	found	at	a	depth	of	800mm	on	the	dune	crest	and	these	were	dated	using	OSL	to	approximately	14ka,	and	a	few	artefacts	were	recorded	in	sand	from	below	that	level.	A	rich	layer	of	artefacts	on	the	surface	dated	 to	 the	 Holocene.	 In	 the	 Olympic	 Dam	 Archaeology	 Salvage	 Report	 (Sullivan	 and	Hughes	2014:vol	2,	p353)	a	comparison	was	made	between	the	buried	artefacts	from	the	Pleistocene	 and	 Holocene	 layers.	 It	 was	 found	 that	 despite	 the	 small	 sample	 size	 of	Pleistocene	artefacts	there	was	a	statistically	significant	increase	in	the	use	of	silcrete	in	the	Holocene	in	comparison	to	the	Pleistocene.	Silcrete	artefacts	were	also	larger	in	this	recent	period	but	there	was	no	statistical	difference	in	the	size	of	quartzite	artefacts	through	time.			In	terms	of	relevance	of	this	research	to	my	own	project,	it	is	noteworthy	that	chronological	changes	in	quartzite	artefact	knapping	strategies	were	not	observed	(except	in	terms	of	raw	material	 ratios).	 This	 means	 that	 knapping	 floors	 and	 the	 surface	 collections	 from	 the	deflated	 areas	 of	 ODX_15546	 that	 are	 examined	 by	 this	 thesis	 research,	 are	 likely	 to	 be	broadly	representative	of	14ka	of	human	settlement	in	the	area.		
Summary		This	chapter	has	set	the	stage	for	this	thesis.	Previous	research	in	the	Roxby	dunefield	has	identified	the	prominent	role	that	 landform	and	raw	materials,	as	environmental	factors,	played	 in	 the	 creation	of	broad	archaeological	 trends	or	patterns.	This	 encompasses	 the	long-term	 occupation	 use	 of	 the	 area	 over	 18.2	 thousand	 years	 with	 a	 date	 of	 14kya	obtained	from	the	specific	study	area.	Previous	research	has	shown	that	the	gibber	plains	are	the	primary	source	of	raw	material	for	artefacts	which	were	used	and	discarded	on	sand	dune	 sites	 (Hughes	 et	 al.	 2014a).	 	What	 is	 lacking	 from	 this	 previous	 research	 is	more	focused	study	on	details	of	stone	technology,	such	as	how	people	procured	and	made	the	stone	artefacts	found	on	the	sand	dunes	sites.	Additionally,	the	previous	research	focused	predominantly	on	environmental	deterministic	explanations	without	a	lot	of	consideration	of	 other	 potential	 factors	 influencing	 observed	 trends,	 or	 the	 past	 people	 behind	 the	creation	of	the	archaeological	record.	Both	of	these	aspects	are	specifically	addressed	in	this	thesis	research	which	adds	a	new	perspective	 to,	and	knowledge	of	 the	Roxby	dunefield	archaeology	and	its	local	stone	technology.	
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4	|	Research	Methodology	and	
Methods	
	In	 Chapters	 1	 to	 3,	 previous	 research	was	discussed,	 including	 ideas	 about	 the	 range	 of	potential	 environmental,	 cultural,	 material	 and	 agent	 based	 influences	 on	 strategies	 of	Aboriginal	stone	technology,	the	previously	demonstrated	research	potential	of	knapping	floor	 sites	 and	 Roxby	 dunefield	 regional	 environment	 and	 archaeology.	 This	 chapter	discusses	the	methodology	and	methods	used	to	address	specific	research	aims.		
Characterising	 the	 Temporal	 Resolution	 and	 Site	 Formation	of	
Gibber	Plain	Knapping	Floor	Sites	
	This	thesis	recognises	that	archaeological	deposits	undergo	dynamic	histories	of	creation	and	 change	 with	 sites	 unlikely	 to	 provide	 complete	 representations	 of	 past	 behaviour	(Binford	1981;	Schiffer	1985).	To	find	evidence	of	site	integrity,	it	is	important	to	establish	processes	 at	 work	 on	 a	 site	 before,	 during	 and	 after	 its	 creation.	 This	 is	 an	 important	consideration	for	a	study	which	aims	to	provide	temporal	resolution	of	knapping	events	as	a	component	of	the	second	primary	research	aim.		
	
Temporal	Resolution	of	Surface	(including	Knapping	Floor)	Sites	
	The	vast	majority	of	archaeological	deposits	from	arid	zone,	surface	sites	are	palimpsests.	This	means	that	they	are	not	perfect	‘living	floors’	of	a	moment	in	time	but	are	diachronic	mixtures	of	overlapping	assemblages	of	multiple	events	potentially	 from	vastly	different	time	periods.	This	affects	both	surface	and	subsurface	deposits	alike.	Many	archaeological	deposits	are	also	time-averaged	(Stern	1994).	They	may	represent	a	range	of	behaviours	that	occurred	over	a	block	of	time,	although	due	to	variability	in	intensity	and	frequency	of	behaviours,	 as	 well	 as	 sedimentation,	 erosion	 and	 deflation	 processes,	 they	 cannot	 be	assumed	 to	 be	 the	 norm	 of	 what	 occurred	 (Bailey	 2007;	 Shiner	 2004;	 Stern	 1994;	Wandsnider	 2008).	 A	 further	 complication	 is	 that	 no	 technology	 is	 available	 that	 can	directly	date	surface	stone	artefacts,	nor	can	their	association	with	the	current	surface	be	known	(eg.	Shiner	2003).		The	 Western	 New	 South	 Wales	 Archaeological	 Project,	 has	 made	 a	 concerted	 effort	 to	develop	 new	methodologies	 to	 place	 chronological	 control	 on	 arid	 surface	 assemblages	
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(Holdaway	 et	 al.	 1998).	 This	 has	 been	 done	 through	 a	 geomorphic	 study,	 establishing	differential	 rates	of	 erosion	and	 creating	associations	with	dated	hearths	and	 sediments	(Fanning	et	al.	2008;	Shiner	2006).	This	approach	would	not	apply	in	landforms	that	do	not	experience	erosion,	or	spatial	variability	due	to	this	process.	The	gibber	plains	in	the	Roxby	dunefield	are	one	example	of	such	an	environment.	Additionally,	while	this	methodology	addresses	chronology,	it	creates	broad	generalisations	with	surface	assemblages	grouped	into	temporal,	time-averaged	periods	(Shiner	2009).			An	 alternative	 approach	 is	 to	 focus	 research	 on	 knapping	 floors.	While	 these	 cannot	 be	directly	dated	it	is	expected	that	they	may	provide	“occasional	pockets	of	high	resolution	data”	(Bailey	(2007),	including	remains	of	individual	events.	The	value	of	these	‘living	floors’	has	generated	lengthy	debate	(Ascher	1961;	Binford	1981;	Schiffer	1985).	Binford	(1981)	and	 others	 (eg.	 Murray	 1999;	 Stern	 1994	 ),	 have	 expressed	 the	 view	 that	 taphonomic	disturbance	and	overprinting	of	separate	events	would	destroy	all	evidence	of	individual	events.	However,	 it	was	argued	by	Schiffer	(1985)	and	demonstrated	with	real	examples	(Dibble	et	al.	1997;	Malinsky-Buller	et	al.	2011)	that	geoarchaeological	research	made	such	studies	 feasible.	 This	 includes	 the	 close	 study	 of	 sediments,	 stratigraphy	 and	 artefact	positions	as	well	as	 the	broader	environmental	context	and	 its	processes	 to	uncover	 the	post-depositional	history	of	sites	(Schiffer	1975,	1976,	1983).			A	specific	method	that	has	been	successfully	used	to	identify	intra	site	integrity	at	knapping	floor	sites	is	artefact	refitting	(eg.	Bodu	et	al.	1990;	Chiotti	et	al.	2007;	Hiscock	2006b;	Schon	1990).	Conjoining	artefacts	are	frequently	used	to	understand	site	formation	processes	and	establish	stratigraphic	(and	therefore	spatial/	temporal)	integrity	in	subsurface	excavation	(eg.Collcutt	and	Barton	1990;	Richardson	1992).			Holdaway	 and	 Douglass	 (2012)	 suggest	 caution,	 outlining	 several	 examples	 of	ethnographically	observed	behaviours	that	might	create	overprinting	events	or	disconnect	the	ability	to	interpret	actions	as	the	work	of	an	individual	knapper.	One	such	situation	is	that	multiple	knappers	may	be	 involved	 in	knapping	a	 	 single	piece	of	 stone,	 a	 situation	which	was	observed	by	(Binford	1986)	at	an	Alyawara	camp	site.			Another	potential	concern	is	that	the	selection	of	artefacts	may	be	undertaken	by	people	other	than	the	knapper.	This	includes	social	negotiation	of	multiple	people	in	the	selection	of	 artefacts	 after	 knapping	 (Hiscock	 2004)	 and	 post-depositional	 scavenging	 (Hayden	1979).	 The	 potential	 role	 of	 these	 behaviours	 can	 be	 identified	 by	 refitting	 to	 study	 the	timing	of	missing	artefacts	selected	and	removed	from	the	site.	Where	knapping	is	planned	
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and	directed	towards	a	specific	intended	output,	it	would	be	expected	that	the	final	product	made	and	removed	would	be	produced	at	the	end	of	the	sequence.			These	 concerns	 aside,	 this	 thesis	 adopts	 an	 approach	 whereby	 detailed	 study	 of	 site	formation	 processes	 of	 knapping	 floor	 sites	 precedes	 technological	 analysis	 of	 artefacts	(including	refitting).	It	is	hoped	that	these	will	reveal	individual	knapping	events.	Both	are	detailed	in	the	following	section.		
Modelling	Site	Formation	of	the	Study	Area	Knapping	Floor	Sites	Based	on	previous	studies	 it	was	considered	 important	 to	examine	site	 formation	of	 the	gibber	plain	knapping	floor	(see	Chapter	5).	This	would	enable	comments	to	be	made	about	temporal	patterns.	It	also	would	assist	the	second	research	aim,	testing	the	potential	(and	level	of	preservation)	of	knapping	floor	sites.	Research	involved	key	steps	to	achieve	this	aim,	as	outlined	briefly	here.	Detailed,	 regionally	 specific	methods	will	be	discussed	 in	a	later	section.			
1. Taphonomic	impacts	in	a	gibber	plain	context	were	characterised.	
	This	was	undertaken	using	several	different	methods.	Firstly,	a	general	geomorphic	survey	 was	 conducted	 to	 establish	 site	 variability	 in	 the	 gibber	 plain	 and	 key	features	that	may	impact	archaeological	sites.	Sediment	samples	were	analysed	for	composition,	thereby	enabling	study	of	expected	soil	movement.			 Microdebitage	 analysis	 was	 also	 conducted	 using	 sediment	 samples	 taken	 from	under	archaeological	knapping	floor	sites.	This	was	done	to	ascertain	if	wind	and	water	erosion	processes	were	major	 factors	of	 taphonomic	disturbance,	 as	 these	would	preferentially	impact	only	smaller	artefacts	(Fladmark	1982).			Five	knapping	 floor	 sites	 from	 the	 study	area	were	 chosen	 from	different	 gibber	plain	 contexts	 with	 the	 specific	 aim	 of	 studying	 site	 taphonomy.	 These	 were	excavated	using	a	detailed	piece	plotted	recording	method	involving	up	to	7	points	per	individual	artefact.	This	was	done	to	record	orientation	of	individual	artefacts	which	may	reflect	post-depositional	processes	(Duffield	1970)	and	to	determine	the	extent	of	subsurface	artefacts	in	knapping	floor	sites.		Finally,	a	series	of	simulated	taphonomic	experiments	were	conducted	over	a	21-month	period	to	measure	the	degree	of	artefact	movement	in	relationship	to	key	gibber	surface	variable	(eg.	stone	cover)	and	artefact	size.		
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	The	 resulting	 predictive	 model	 enabled	 interpretation	 of	 stable	 gibber	 plain	environments	as	outlined	in	Chapter	5.	 		
2. Spatial	 patterns	 produced	 by	 knapping	 were	 modelled,	 including	 the	 influence	 of	
knapper	stance	and	handedness	on	the	patterns	produced.		A	series	of	knapping	experiments	were	conducted	to	record	the	 intra-site	spatial	patterning	 produced	 by	 knapping.	 The	 analysis	 of	 these	 experiments	 involved	modelling	the	degree	of	site	clustering	produced	by	an	individual	knapper,	working	in	 a	 single	 location.	 Secondly	 the	 experiment	 focused	 on	 modelling	 different	knapping	stances	and	left	and	right-handed	knapping,	to	determine	unique	spatial	patterns	that	may	be	visible	in	the	archaeological	knapping	floor	sites.	These	two	factors	 were	 specifically	 chosen	 as	 in	 previous	 experimental	 and	 ethnographic	studies	 they	 had	 been	 identified	 as	 primary	 factors	 influencing	 intra-site	 spatial	patterning	 (eg.	 Newcomer	 and	 Sieveking	 1980).	 Stance	 in	 particular,	 is	 also	 a	component	of	the	knapping	strategy	used	and	therefore	has	broader	importance	for	the	research	aim	of	characterising	technological	organisation.			Spatial	 analysis	 techniques	 used	 to	 model	 the	 spatial	 patterning	 of	 knapping	included	 the	 measurement	 of	 clustering,	 directionality	 of	 artefact	 distribution,	artefact	size	sorting	and	identification	of	concentrations	in	the	scatter	(hotspots).	Each	of	these	methods	is	outlined	individually	later	in	this	chapter.	The	results	of	the	 intra-site	 spatial	 models	 produced	 from	 these	 experiments	 and	 analysis	 are	provided	in	Chapter	5.	
	 	
3. The	taphonomic	and	knapping	models	were	applied	to	analyse	the	spatial	patterning	
of	 the	 archaeological	 knapping	 floor	 sites	 to	 assess	 their	 degree	 of	 preservation,	
temporal	resolution	and	potential	to	retain	details	of	the	individual	knapping	event.	
	The	context	of	knapping	floor	sites	was	examined.	 	Using	criteria	developed	from	the	 taphonomic	 study	of	 gibber	 contexts,	 sites	with	potential	 for	 spatial	 stability	were	 identified.	 A	 secondary	 assessment	 tool	 was	 then	 used,	 derived	 from	 the	knapping	experiments	which	modelled	the	range	of	site	clustering	produced	by	an	individual	 knapper	 (regardless	 of	 knapper	 stance).	 Archaeological	 sites	 that	 fell	within	 the	 experimental	 range	 for	 artefact	 clustering	 were	 considered	 good	candidates	 for	 archaeological	 deposits	 made	 in	 single	 knapping	 events.	 This	
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included	some	sites	that	had	more	than	one	stone	nodule	knapped.	Therefore,	this	analysis	also	was	critical	for	the	examination	of	standardisation	and	variability	in	individual	 knapping	practice	which	 is	discussed	 later	 as	 a	part	 of	 the	 analysis	 of	knapping	strategies.			Sites	that	fell	outside	the	experimental	cluster	range	were	further	assessed,	with	an	aim	 of	 statically	 separating	 the	 influence	 of	 overprinting	 of	 separate	 knapping	events	 on	 these	 sites	 versus	 the	 role	 of	 taphonomic	 impacts	 on	 their	 dispersion.	These	 sites	 were	 not	 used	 for	 further	 spatial	 analysis,	 however	 the	 distinction	between	these	two	post-depositional	processes	was	 important	 for	understanding	general	trends	and	knapping	activities	that	occurred	in	the	gibber	plain.				The	spatial	patterning	of	knapping	floor	sites	that	met	both	site	preservation	criteria	(gibber	context	and	degree	of	clustering)	were	then	compared	to	the	experimental	knapping	models.	This	 looked	for	evidence	that	knapping	stance	and	handedness	may	be	preserved	archaeologically	and	where	interpretations	could	be	made,	this	contributed	 to	 the	 understanding	 of	 stone	 artefact	 knapping	 strategies	 including	individual	variability.			The	 specific	methods	 used	 to	 study	 the	 site	 formation	 processes	 of	 gibber	 plain	knapping	floors	are	described	in	further	detail	later	in	this	chapter.	For	the	study	of	the	post-depositional	processes	these	methods	included:	the	detailed	excavation	of	5	knapping	floor	sites	to	record	artefact	orientations,	microdebitage	and	sediment	analysis	 to	 identify	 the	 presence	 of	 erosion	 processes	 and	 a	 series	 of	 simulated	taphonomic	 experiments	 to	 record	 artefact	 movement.	 Each	 of	 these	 methods	focused	on	testing	different	types	of	gibber	plain	environments	to	understand	the	specific	 factors	that	may	predict	knapping	floor	site	stability,	such	as	gibber	clast	cover	density	and	gilgai	presence.			The	methods	used	to	study	the	behavioural	aspects	of	site	formation	were	a	series	of	knapping	experiments	to	record	the	spatial	patterning	of	artefacts	produced	in	an	 individual	 knapping	 event	 and	 reflective	 of	 knapper	 stance	 and	 handedness.	Interpretive	models	 derived	 from	 these	 knapping	 experiments	were	 created	 via	spatial	 analysis	 using	 tools	 from	 ESERI	 ArcGIS	 9.3.	 This	 included	 assessing	 the	degree	of	clustering,	directional	distribution	and	the	presence	of	‘hotspots’	within	the	structure	of	the	experimental	knapping	floors	produced.				
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Studying	the	Organisation	of	Technology		Characterising	the	organisation	of	technology	in	the	study	area	relates	to	the	first	aim	of	this	research	 project.	 This	 study	 focuses	 on	 the	 earliest	 parts	 of	 the	 technological	 lifecycle:	procurement	 and	 knapping	 strategies.	 In	 Chapters	 1	 and	 2,	 previous	 research	 on	 the	organisation	of	Aboriginal	stone	technology	(including	gibber	use)	and	broad	theoretical	concepts	that	are	important	for	understanding	stone	technology	theory	and	lifecycle	as	part	of	broader	subsistence	and	cultural	practices	were	discussed.	The	following	revisits	these	concepts,	 providing	 specific	 archaeological	 methods	 for	 assessing	 procurement	 and	knapping	models.		
	
	
Modelling	Procurement	Practices	As	 outlined	 in	 Chapter	 2,	 Binford	 (1979)	 defined	 two	 different	 procurement	 strategies,	embedded	and	direct.	This	was	based	on	ethnographic	study	and	reflected	how	technology	is	 organised	 within	 the	 broader	 lifeways	 of	 past	 people	 and	 cultures.	 Examples	 of	ethnographically	 observed	 (Binford	 1986;	 Gould	 1978)	 direct	 procurement	 focused	 on	quarried	resources	of	a	particularly	high	quality.	There	was	also	evidence	that	high	quality	quarry	resources	may	be	obtained	through	embedded	procurement	practices	where	inter-community	exchange	took	place	within	integrated	ceremonial	practices	(McBryde	1997).	The	distinct	signature	of	this	appears	to	be	that	these	traded	materials	and	artefacts	were	widely	dispersed	over	long	distance	exchange	networks	(McBryde	1978;	McBryde	1997).	It	was	also	noted	that	there	was	no	relationship	between	the	degree	of	artefact	reduction	and	their	 distance	 from	 the	 quarry	 source	 (McBryde	 1984).	 Embedded	 procurement	 also	includes	 the	 opportunistic	 collection	 of	 materials	 and	 artefacts	 as	 part	 of	 broader	subsistence	practices	(Binford	1979).	In	such	circumstances,	there	may	be	no	relationship	between	distances	travelled	to	the	raw	material	sources	from	habitation	sites	and	material	quality.		Together	 this	 literature	defines	 certain	aspects	 that	may	be	visible	 in	 the	archaeological	record	to	interpret	the	procurement	strategies	of	past	Aboriginal	people.	This	however	is	not	without	 challenges.	 This	was	 demonstrated	 by	 the	 previous	 attempts	 by	 Gould	 and	Saggers	 (1985)	 who	 undertook	 research	 at	 habitation	 sites	 in	 Central	 Australia	 and	comparing	 exotic	 versus	 local	 raw	 materials.	 They	 focused	 on	 measuring	 edge	 holding	capabilities	of	the	different	materials	and	showed	that	the	exotic	material	was	superior.	This	they	argued	indicated	technological	requirements	contributed	to	procurement	strategies.	The	 implication	 was	 that	 this	 may	 be	 evidence	 of	 direct	 procurement.	 However,	 the	
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methodology	 Gould	 and	 Saggers	 (1985)	 used	 and	 the	 interpretations	 made,	 were	 not	without	 criticism.	 Binford	 (1979)	 highlighted	 the	 that	 presence	 of	 exotic	 material	(regardless	of	 its	quality)	may	simply	be	a	reflection	of	the	mobility	of	the	people.	Smith	(2006)	also	provided	other	explanations	for	these	patterns	 including	 long	distance	trade	embedded	in	social	practices.			A	different	approach	to	identify	procurement	mode	was	put	forth	by		Morrow	and	Jefferies	(1989)	who	also	had	a	similar	dataset	of	local	and	non-local	chert	materials	from	the	Black	Earth	site	in	the	Western	United	States.	They	argued	that	if	direct	procurement	was	at	play,	then	 this	 would	 be	 visible	 as	 a	 difference	 in	 the	 treatment	 and	 use	 of	 local	 and	 exotic	materials.	The	issue	with	this	approach	however,	is	that	where	there	is	a	difference	in	raw	material	 quality,	 as	 was	 the	 case	 for	 Gould	 and	 Saggers	 (1985),	 this	 difference	may	 be	primarily	a	product	of	different	technological	capabilities	of	the	raw	material,	rather	than	their	value	created	by	procurement	cost.	Thus,	the	literature	shows	that	it	may	be	relatively	difficult	to	obtain	definitive	evidence	of	direct	procurement	from	archaeological	data	sets	alone	particularly	where	quarried,	high	quality	material	is	involved.			In	contrast	however,	identifying	embedded	procurement,	particularly	of	local	materials	and	of	 informal	 stone	 technologies	 is	 much	 a	 simpler	 process	 with	 a	 methodology	 clearly	defined	 from	the	 literature.	Examples	of	expedient	 technology	where	stone	artefacts	are	made	 and	 used	 in	 single	 locations	 are	 one	 such	 example	 of	 this.	 This	 would	 be	archaeologically	visible	as	used	stone	artefacts	within	the	raw	material	source	location	or	a	lack	of	missing	artefacts	in	refitted	knapping	floors	(Doelman	2008a).	Likewise,	where	there	is	 no	 relationship	 between	 raw	material	 distance	 (costs)	 and	 technological	 benefit,	 this	would	 be	 evidence	 of	 embedded	 procurement	 (Binford	 1979;	 Gould	 and	 Saggers	 1985;	McBryde	1984;	McBryde	1997;	Morrow	and	Jefferies	1989).	This	is	not	to	imply	that	these	characteristics	will	identify	all	assemblages	created	by	embedded	procurement	practices,	as	the	previous	attempts	to	identify	direct	procurement	have	demonstrated	(eg.	Gould	and	Saggers	 1985).	However,	 as	 a	methodology,	 these	 signatures	 of	 embedded	procurement	may	be	used	to	positively	identify	clear	examples	of	such	practices.	Assemblages	that	do	not	fit	 these	patterns,	would	 then	be	 identified	as	having	more	complex	 factors	at	play.	This	could	 potentially	 involve	 direct	 procurement,	 socially	 embedded	 strategies	 and/or	 a	consideration	 of	 technological	 requirements	 in	 the	 daily	 planning	 of	 other	 embedded	activities.			It	is	these	insights	that	have	informed	the	methodology	used	for	this	thesis.	Procurement	mode	is	tested	for	the	gibber	plain	knapping	floor	sites.	These	sites	are	ideal	candidates	for	
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such	study	for	two	reasons.	Firstly,	they	are	relatively	simple	sites	that	are	likely	produced	by	individual	knapping	events	(an	assumption	that	is	that	is	also	tested	in	this	thesis)	and	thus	not	 likely	to	be	 influenced	by	overprinting	behaviours	which	could	 include	a	mix	of	procurement	strategies	over	different	time	periods.			Secondly,	 the	knapping	 floors	were	 located	at	 varying	distances	 from	sand	dunes	which	allowed	a	comparison	of	distance,	raw	material	and	stone	technology.	As	was	described	in	Chapter	2,	there	is	a	consistent	pattern	of	past	habitation	occurring	on	the	sand	dunes	and	of	the	rocky	gibber	plains	and	swales	being	utilised	for	raw	material	collection	(Hughes	et	al.	 2011;	 Hughes	 et	 al.	 2014a).	 Gibber	 plains	 are	 rocky,	 exposed	 environments	 and	 not	attractive	 for	 camping	where	 there	are	plentiful,	 soft	 sand	dunes	nearby	 that	offer	good	natural	protection	and	shelter.	This	is	supported	by	ethnohistoric	accounts	from	the	area	(Aiston	1928)	and	the	numerous	and	often	highly	dense	artefact	scatters	on	the	sand	dunes	containing	a	variety	of	raw	materials	and	tool	types	as	well	as	hearths	(Hughes	et	al.	2011;	Hughes	et	al.	2012).	Therefore,	it	can	be	reasonably	assumed	that	the	past	individuals	that	created	the	knapping	floor	sites	in	the	study	area	gibber	plain,	at	some	point	travelled	from	camps	at	sand	dunes.	Thus,	there	is	general	connection	between	the	gibber	plain	knapping	floor	sites	and	the	sand	dunes.			This	should	not	be	confused	with	implying	that	artefacts	created	at	the	knapping	floor	sites	were	 taken	 to	 the	 sand	dune	sites.	That	 is	a	 separate	aspect	of	procurement	 that	 is	also	tested	by	this	thesis	in	Chapter	9.	Rather	the	connection	between	the	sand	dunes	and	gibber	plain	knapping	floor	sites	is	a	relationship	of	people	who	are	assumed	as	part	of	their	general	subsistence	strategy	to	have	utilised	sand	dunes	for	camping.	Their	presence	at	the	gibber	plain	knapping	floor	sites	required	travel	from	the	sand	dunes	which	frame	the	gibber	plain.	Knapping	floor	sites	located	furthest	from	any	sand	dune	are	interpreted	as	requiring	the	greatest	 travel	effort.	While	 connection	between	 these	 landforms	 is	expected,	 this	 thesis	explicitly	tests	this	through	spatial	analysis,	including	statistical	assessment	of	patterns	of	knapping	floor	and	sand	dune	sites.	The	methods	of	spatial	analysis	are	described	in	detail	later	in	this	chapter.			For	this	research,	knapping	floor	sites	were	examined	and	compared	at	different	distances	from	the	sand	dunes	and	habitation	sites	on	the	sand	dunes.		It	was	hypothesised	that	where	there	 is	 no	 difference	 in	 the	 raw	 material	 or	 technology	 of	 knapping	 floors	 at	 varying	distances	 from	 these	 dunes	 that	 the	 knapping	 floor	 sites	 were	 created	 as	 part	 of	 an	embedded	procurement	practice.	Conversely,	the	finding	of	a	difference	in	the	raw	material	or	 technology	 knapping	 floors	 consistent	with	 their	 distance	 from	 sand	dunes	 and	 sand	
78		
dune	sites	may	be	indication	of	a	direct	procurement	strategy	and/or	of	a	more	complex	set	of	factors	which	dictated	raw	material	selection	and	knapping.		This	thesis	also	examines	the	general	procurement	strategies	that	 formed	the	sand	dune	artefact	 assemblages	 with	 a	 focus	 on	 raw	 material	 source	 and	 selection.	 This	 includes	testing	the	source	of	the	sand	dune	quartzite	artefacts	and	the	role	of	knapping	floor	sites	within	this	process.	This	is	a	key	component	of	interpreting	long-term	use	of	the	quartzite	raw	materials	and	has	 implications	 for	understanding	how	raw	material	 abundance	and	availability	influenced	stone	technology.			Three	regionally	specific	procurement	models	were	proposed	and	tested,	described	below	along	with	potential	assemblage	characterises.		
1. Quartzite	artefacts	from	the	gibber	plain	knapping	floors	were	transported	to	the	
dune	site.	In	this	scenario	quartzite	artefacts	may	be	very	similar	between	knapping	floor	and	dune	site	assemblages.	Alternatively,	if	there	is	standardised	artefact	form	preferred,	particularly	if	this	relates	to	a	later	part	of	the	core	reduction	strategy	(such	 as	 flakes	with	 less	 cortex	 cover),	 then	 this	 could	 produce	 a	 distinctive	difference	in	the	relative	degree	of	reduction	observed	in	the	knapping	floor	and	gibber	 plain	 assemblages.	 Because	 this	 scenario	 involves	 splitting	 complete	reduction	sequences,	there	would	be	measurable	missing	artefacts	in	both	the	knapping	floor	and	dune	contexts,	evident	with	cortex	area	analysis	(Dibble	et	
al.	 2005).	 Since	 the	 artefacts	 in	 both	 dune	 and	 knapping	 floor	 contexts	 are	derived	 from	 the	 same	 original	 nodules,	 reduction	 analysis	 focused	 on	determining	nodule	size	would	have	similar	results	for	both	site	types.					If	this	is	the	dominant	strategy,	it	would	be	expected	that	there	are	substantial	numbers	of	missing	flakes	from	the	gibber	plain	knapping	floors	and	that	scale	of	 artefact	 production	 measured	 in	 the	 gibber	 plain	 knapping	 floors,	 would	match	that	of	 the	size	of	 the	quartzite	artefact	assemblages	on	the	sand	dune	sites.		
2. Complete	 gibber	 nodules	 were	 transported	 to	 the	 dune	 site	 where	 they	 were	
knapped	in	situ	to	make	stone	artefacts	In	this	scenario	the	complete	core	reduction	sequence	occurs	on	the	dune	site.	This	would	be	evident	in	a	cortex	area	analysis	which	would	suggest	there	are	
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no	missing	artefacts	from	the	assemblage.	Because	knapping	floor	sites	are	not	the	dominant	source	of	artefacts	in	this	strategy	there	is	an	increased	potential	that	 there	 will	 be	 clear	 differences	 in	 the	 dune	 site	 and	 knapping	 floor	assemblages.	 For	 example,	 there	may	 be	 different	 degrees	 of	 core	 reduction	present	or	evidence	that	the	size	of	nodules	used	for	knapping	differed	in	size.	It	 is	 predicted	 that	 if	 this	 strategy	 took	 place,	 that	 smaller	 nodules	 may	 be	transported	to	the	sand	dune	site	than	were	used	in	the	gibber	plain	due	to	the	increased	 transportation	 costs	 (Torrence	 1989).	 	 Identifying	 these	 types	 of	differences	is	a	key	part	of	supporting	this	procurement	scenario.			
3. A	number	of	flakes	transported	to	the	dune	site	from	the	gibber	plain	knapping	
floor	sites	were	retouched	at	the	dune	site.	This	 scenario	 is	a	 staged	reduction	strategy.	 It	would	be	expected	 that	 if	 this	occurred,	 that	 the	 retouched	 flakes	on	 the	 sand	dune	 site	are	within	 the	 size	range	(accounting	for	retouch)	of	the	knapping	floor	artefacts.			
	A	 combination	 of	 these	 strategies	may	 also	 have	 occurred	 over	 the	 long	 time	 period	 of	occupation	 in	 the	 study	 area.	 	 As	 outlined	 under	 each	 scenario,	 understanding	 and	comparing	 the	 degree	 of	 artefact	 reduction	 in	 each	 area	 is	 key	 to	 characterising	 the	dominant	quartzite	procurement	strategies	used.	This	reduction	method	of	technological	analysis,	 measures	 the	 degree	 of	 volume	 loss	 of	 material	 as	 knapping	 progresses	(eg.Clarkson	 and	 Lamb	 2005;	 Hiscock	 and	 Tabrett	 2010;	Magne	 1989).	 Core	 reduction,	rather	than	flake	retouch	is	the	primary	focus	of	this	analysis	due	to	the	low	numbers	of	retouched	 flakes	 and	 because	 the	 procurement	 questions	 focus	 on	 understanding	 the	location	of	primary	core	reduction.		This	analysis	draws	on	previous	research	(Amick	and	Mauldin	1989;	Clarkson	2013;	Dibble	
et	al.	2005;	Hiscock	2007a;	Magne	1989;	Sullivan	and	Rozen	1985),	which	models	how	the	attributes	of	flakes	and	cores	within	stone	artefact	assemblages	reflect	the	degree	of	core	reduction.	Largely	this	body	of	work	has	been	created	through	experimental	replication,	in	addition	to	some	refitting	studies	of	archaeological	examples	(Braun	et	al.	2008;	Franklin	and	Simek	2008;	Hiscock	2007a).	A	powerful	aspect	of	this	research,	is	it	allows	reduction	to	be	analysed	and	compared	between	assemblages	separate	to	the	influences	created	by	different	 sized	 nodules.	 This	 has	 been	 used	 in	 previous	 research	 to	model	 variability	 in	reduction	 by	 location	 and	 to	 identify	 organised	 systems	 of	 staged	 reduction	 in	multiple	contexts	 (eg.	 Cleghorn	 1982;	 Hiscock	 2007a;	 Spitzer	 2006).	 The	 reduction	 approach	 is	
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particularly	useful	for	this	analysis	as	it	looks	for	evidence	of	difference	in	both	the	degree	of	reduction	and	trends	in	the	size	of	nodules	used.				 Table	6:	Artefact	attributes	measured	to	compare	core	reduction	and	the	expected	values	for	increasing	rate	of	reduction	
Artefact	Attribute	 Expected	Result	with	Increased	Core	Reduction	
Number	of	Flake	Dorsal	Scars	 Flakes	generally	exhibit	increased	numbers	of	dorsal	scars	
(Bradbury	and	Carr	1999).	
Flake	Striking	Platform	Cortex	
Cover	%	
Reduced	amounts	of	cortex	on	flakes	with	increased	
reduction	(subject	to	core	rotation)	(Bradbury	and	Carr	1999).		
Flake	Striking	Platform	Width	 May	with	decrease	with	core	reduction	as	part	of	overall	
reduction	in	flake	size.	(Magne	and	Pokotylo	1981;	Odell	
1989).	
Flake	Dorsal	Cortex	Cover	%	 Reduced	amounts	of	dorsal	cortex	with	reduction	(Morrow	
1997).	
Flake	Length	 Flakes	become	smaller	as	core	reduction	proceeds	(Magne	
and	Pokotylo	1981;	Odell	1989).	
Core	Size	 Cores	become	smaller	as	core	reduction	proceeds	(Clarkson	
2013;	Hiscock	2007a;	Magne	and	Pokotylo	1981;	Odell	1989).		
Core	Cortex	Cover	 The	percentage	of	cortex	cover	decreases	throughout	the	
reduction	process	(Dibble	et	al.	2005).		
	
	A	list	of	artefact	attributes	that	have	been	identified	in	previous	research	to	relate	to	the	relative	degree	of	core	reduction	are	provided	in	Table	6.	This	was	used	as	a	starting	point	for	the	analysis	and	selection	of	artefact	attributes	to	measure	and	compare	between	the	sand	dune	 and	 knapping	 floor	 assemblages.	 In	 addition,	 refitted	 knapping	 floor	 nodules	with	a	high	degree	of	completeness	were	studied	to	test	this	reduction	model	and	refine	it	for	use	 in	 this	 study.	This	 improves	 its	 applicability	 for	 the	 specific	 study	area	quartzite	technology	and	strengthens	the	methodology	as	it	then	has	both	local	and	archaeological	grounding.	The	specific	methods	that	underlie	this	analysis	are	individual	artefact	attribute	measurement,	refitting	and	cortex	area	analysis.	These	methods	are	described	 in	 further	detail	later	in	this	chapter.			 	
	
Knapping	Strategies	Knapping	 strategies	 refer	 to	 the	process	of	making	 stone	 artefacts.	The	 goal	 of	 studying	knapping	strategies	as	part	of	the	overall	organisation	of	technology	is	to	characterise	the	degree	of	variability	and	standardisation	in	artefact	manufacture	and	to	explore	the	role	of	several	 potential	 influencing	 factors	 on	 the	 patterns	 observed	 (Andrefsky	 2008a).	 The	
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gibber	plain	knapping	floors	are	analysed	as	a	part	of	broader	technological	life-cycles	but	also	provide	 insight	 into	a	sequence	of	actions	 taking	place	entirely	within	 the	knapping	event.	 This	 sequence	 is	 the	 selection	 of	 raw	 material,	 the	 process	 of	 core	 reduction	 to	produce	flakes	and	the	point	of	abandonment	of	the	core.	There	are	also	the	potential	steps	of	 flake	 retouch	 from	 artefacts	 made	 from	 the	 core	 reduction	 and	 the	 selection	 and	transport	of	flakes	from	the	site.			The	steps	of	the	technological	lifecycle	represented	in	the	knapping	floor	are	analysed	to	understand	 the	 influencing	 role	 of	 key	 variables	 on	 the	 knapping	 process	 in	 Chapter	 6.	These	factors	are	nodule	morphology,	intended	artefact	forms	which	may	include	culturally	standardised	 artefact	 types,	 and	 individual	 knapper	 agency.	 This	 encompass	 the	 full	spectrum	of	potential	influencing	factors	previously	identified	in	the	literature	discussed	in	Chapter	2.		Analysing	each	of	these	variables	also	has	the	potential	to	provide	a	high	level	of	insight	 into	 the	 underlying	 constraints	 and	 opportunities	 provided	 within	 the	environmental	and	cultural	context	in	which	the	knapping	occurred.			Each	 of	 these	 potential	 influencing	 factors	 are	 studied	 through	 the	 analysis	 of	 refitted	knapping	 floor	 nodules.	 Refitted	 nodules	 are	 very	 useful	 for	 this	 type	 of	 study	 as	 they	provide	 unequivocal	 evidence	 of	 the	 original	 stone	 nodules	 knapped	 and	 the	 process	 of	artefact	manufacture	on	a	 flake	by	 flake	basis.	This	allows	measurements	 to	be	made	of	actual	 examples	 of	 stones	 chosen	 for	 knapping	 and	 the	 sequence	 of	 reduction	 to	 be	reconstructed.			A	key	part	of	the	methodology	used	is	examining	standardisation	and	variability	in	the	core	reduction	process.	Refitted	assemblages	were	grouped	 into	knapping	strategy	categories	that	share	an	underlying	flaking	method.		The	basis	of	this	categorisation	was	the	number	of	 flaking	platforms	used	 and	 the	 type	 of	 the	 platforms,	 as	 either	 created	by	prior	 flake	removals,	or	the	use	of	a	natural	stone	surface.	This	aspect	was	chosen	as	the	starting	point	of	analysis,	as	it	is	fundamental	to	the	way	stone	artefacts	are	made,	is	a	strategy	that	could	influence	the	characteristics	of	flakes	produced,	and	unlike	other	aspects	of	knapping	which	could	be	unintended	accidents,	represents	a	clear,	intentional	choice	made	by	the	knapper.	This	 approach	 has	 also	 been	 used	 in	 previous	 refitting	 studies	 which	 analysed	 core	reduction	strategies	(eg.Gao	1999;	Hiscock	2006b;	Moore	2004;	Pastoors	and	Tafelmaier	2010).		Cores	 produced	 by	 different	 knapping	 strategies	 were	 also	 studied	 from	 refitted	assemblages.	This	allowed	a	clear	association	to	be	made	between	reduction	strategy	and	
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final	 core	 characteristics.	Again,	 this	 is	 largely	due	 to	 the	use	of	 flaking	platforms	as	 the	defining	attribute	of	strategy	as	this	is	reflected	in	the	number	of	platforms	and	cortex	cover	remaining	on	the	cores	at	the	point	of	discard.	This	analysis	enabled	the	knapping	strategy	of	 assemblages	 that	 were	 not	 refitted	 to	 then	 be	 interpreted	 on	 the	 basis	 of	 the	 core	characteristics.	This	provided	a	broader	 sample	 size	 for	analysis	of	potential	 influencing	factors	on	the	knapping	strategies	used.			The	following	discusses	each	of	the	influencing	factors	and	how	they	were	analysed	for	this	study:		
1. Nodule	Morphology	Nodule	morphology	includes	both	the	size	and	shape	of	the	gibber	stones	used	to	make	 stone	 artefacts	 in	 the	 knapping	 floor	 sites.	 Refitted	 nodules	 provide	 clear	evidence	 of	 the	 range	 of	 gibber	 stones	 selected	 for	 knapping	 and	 these	 were	compared	to	the	available	material	in	the	gibber	plain	to	understand	procurement	preferences.			Measurements	were	taken	from	the	nodules	and	related	to	the	location	of	the	initial	flaking	platform.	This	represents	one	of	the	first	choices	made	by	the	knapper	and	was	 largely	 constrained	 by	 the	 available	 nodules	 surfaces	 and	 natural	 platform	angles	more	so	than	subsequent	knapping	which	could	create	new	platforms	in	the	knapping	process.	Also	analysed	is	whether	the	overall	knapping	strategy	used	was	related	to	the	size	or	shape	of	the	original	stone	nodule	to	see	if	it	was	a	determining	factor.			
2. Problem	Solving	Actions	by	Individual	Knappers	The	approach	taken	by	 individual	knappers	 to	solve	situational	core	morphology	issues	can	be	viewed	as	one	form	of	individual	agency.	This	type	of	action	has	been	previously	shown	to	strongly	correlate	with	the	creation	of	new	flaking	platforms	(Hiscock	 2006b).	 Since	 this	 is	 a	 defining	 feature	 used	 to	 characterise	 knapping	strategies,	 it	 was	 analysed	 as	 a	 potential	 contributing	 factor	 after	 nodule	morphology.	Two	core	face	issues	were	examined:	invasive	negative	flake	scars,	and	the	development	of	significantly	obtuse	platform	angles.	Both	of	these	factors	can	hinder	the	ability	of	the	knapper	to	control	the	outcome	of	subsequent	flakes	and	may	be	mitigated	by	the	creation	of	a	new	flaking	platform	(Hiscock	2006b).		
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Flake	terminations	and	platform	angles	were	used	as	representations	of	 the	core	condition	throughout	the	knapping	process.	This	was	then	related	to	the	timing	of	each	new	platform	creation	which	was	recorded	during	refitting.	The	analysis	was	done	on	a	case	by	case	basis	for	each	refitted	knapping	floor	nodule	to	determine	if	platform	 creation	 was	 significantly	 associated	 with	 step,	 hinge	 or	 outrepasse	terminations,	or	high	platform	angles.			
3. Intended	Artefact	Forms		Also	 considered	 is	 the	 potential	 that	 knapping	 strategy	 relates	 to	 an	 intentional	effort	to	produce	specific	artefact	attributes.	It	would	be	expected	in	this	scenario	that	 different	 knapping	 strategies	 would	 therefore	 produce	 different	 types	 of	artefacts.			Previously	 in	 this	 chapter	 it	 was	 highlighted	 that	 there	 may	 be	 issues	 with	associating	the	attributes	of	missing	artefacts	with	the	knapping	process	where	it	may	be	associated	with	individuals	in	addition	to	the	knapper	(eg.	Holdaway	and	Douglass	 2012).	 To	 study	 this	 aspect	 without	 undue	 bias	 from	 this	 potential	occurrence,	the	overall	flake	assemblages	produced	by	different	knapping	strategies	were	analysed.	This	was	done	both	as	a	complete	assemblage	and	by	 looking	 for	trends	of	change	in	artefact	attributes	with	increasing	reduction.	Missing	artefacts	were	also	included	in	this	analysis	since	their	attributes	could	be	largely	interpreted	through	 modelling	 that	 will	 be	 later	 described.	 	 These	 were	 not	 considered	differently	however	than	the	artefacts	that	were	physically	remaining	at	the	site	as	it	 was	 expected	 that	 if	 different	 knapping	 strategies	 were	 used	 to	 intentionally	create	different	types	of	artefact	attributes	that	this	would	be	visible	in	the	overall	flake	assemblage	and	reduction	trends.	This	is	a	critical	point	as	it	means	that	the	reliability	of	the	results	was	not	impacted	by	the	possibility	that	an	artefact	thought	to	be	missing,	may	have	been	simply	overlooked	in	the	field.	Methods	used	for	this	analysis	 include	 individual	 artefact	 attribute	 analysis,	 refitting	 and	3D	modelling	and	 measurement	 of	 missing	 flakes.	 These	 methods	 are	 described	 later	 in	 this	chapter.			
4. Individual	Knapper	Variability	and	Standardisation	in	Knapping	Strategies	Used	Individual	knapper	variability	and	standardisation	was	analysed	to	understand	the	degree	that	knapping	strategy	may	be	related	to	personal	habit,	a	creative	practice	or	shared	cultural	practices.	Analysing	these	aspects	firstly	relies	on	the	results	of	the	prior	analysis	of	other	potential	influencing	factors.	Where	these	other	factors	
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were	 found	 not	 to	 apply,	 the	 opportunity	was	 provided	 to	 explore	 these	 deeper	cultural	and	agent	based	explanations	of	the	patterns	observed.			A	potential	explanation	of	knapping	strategy	 is	 that	 it	 represents	 shared	cultural	technical	knowledge.	Different	knapping	strategies	may	represent	different	 time-periods	 and	 cultural	 traditions.	 Since	 the	 relative	 chronologies	 of	 the	 knapping	floors	are	unknown,	evidence	of	individual	knapping	variability	was	used	to	test	the	null	hypothesis.	Conversely	evidence	of	standardisation	could	be	a	reflection	of	a	favoured	 and	 habitual	 technique	 of	 reduction.	 Separating	 these	 two	 factors	 in	 a	context	of	a	high	degree	of	individual	knapper	standardisation	in	reduction	strategy	would	not	necessarily	be	possible.	However,	it	was	hypothesised	that	if	individual	variability	was	found	and	this	was	not	associated	with	other	influencing	factors,	that	this	might	be	a	reflection	of	a	degree	of	creativity	in	the	knapping	practice	and	of	individual	agency.			The	method	used	 to	 test	 these	hypotheses	 is	 the	 identification	of	 knapping	 floor	sites	that	had	multiple	knapped	nodules	contained	within	single	knapping	features.	Features	that	were	assessed	by	the	prior	site	formation	analysis	to	be	most	likely	the	 result	 of	 a	 single	 knapping	 event	 were	 used.	 The	 number	 and	 variability	 of	knapping	strategies	represented	in	individual	features	was	then	assessed.	Knapping	strategies	were	interpreted	based	on	both	refitting	analysis	and	core	interpretation.	In	addition,	principal	component	analysis	(PCA)	was	used	to	look	for	idiosyncratic	markers	 of	 individual	 knappers	 from	 artefact	 attributes.	 The	 method	 of	 using	idiosyncratic	markers	to	identify	individual	knappers	has	a	basis	in	significant	prior	research	(Hill	and	Gunn	1977;	Williams	and	Andrefsky	2011;	Williams	et	al.	2013b).	The	use	of	spatial	patterning	combined	with	site	formation	study	is	however	a	new	contribution	 to	 this	 area	 of	 research.	 The	 methods	 of	 refitting,	 PCA	 and	 site	formation	 study	 are	 described	 in	 further	 detail	 in	 the	 methods	 section	 of	 this	chapter.		
	
Analysing	the	Point	of	Abandonment	Reduction	 analysis	 was	 used	 to	 quantify	 the	 degree	 of	 core	 reduction	 at	 the	 point	 of	abandonment	when	knapping	was	 completed.	This	 is	 another	 factor	 that	was	 compared	between	knapping	floors	to	understand	the	degree	of	standardisation	and	variability	as	a	part	 of	 knapping	 strategy.	 In	 addition,	 characterising	 the	 amount	 of	 core	 reduction,	measured	 as	 a	 percentage	 of	 volume	 loss,	 relates	 to	 understanding	 the	 degree	 of	 raw	material	conservation	practices	(Hiscock	2006a).	This	 is	an	important	part	of	addressing	
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the	 influence	 that	 raw	material	 abundant	 in	 the	 gibber	plain	 environment	played	 in	 the	general	 technological	 strategies	 of	 its	 use.	 Assessing	 the	 degree	 of	 raw	 material	conservation	practices	with	a	reduction	analysis	methodology	is	also	based	on	significant	prior	research	(Beck	et	al.	2002;	Doelman	2008a;	Hiscock	2006a,	2007a).		Raw	 material	 conservation	 was	 further	 examined	 by	 looking	 for	 evidence	 of	 core	exhaustion.	Cores	were	compared	by	size	in	addition	to	other	morphological	attributes	that	may	have	made	continued	knapping	more	difficult	or	less	optimal.	These	were	chosen	from	attributes	demonstrated	 in	previous	work	 to	be	useful	 for	 this	characterisation	(Hiscock	2006b).	 	 This	 includes	 obtuse	 platform	 angles,	 a	 core	 base	 that	 protrudes	 beyond	 the	platform	and	large	negative	flake	scars.	All	of	these	factors	were	examined	for	the	knapping	floor	 cores	 to	 assess	 overall	 trends	 of	 core	 abandonment	 and	 whether	 there	 remained	unexploited	potential	at	this	point	of	discard.	The	methods	that	contributed	to	this	analysis	are	 refitting	 individual	 and	 artefact	 attribute	 analysis	 which	 are	 described	 later	 in	 this	chapter.		
	
	
Identifying	Missing	Artefacts	from	Knapping	Floor	Sites	Missing	artefacts	were	measured	and	analysed	from	voids	within	refitted	knapping	floor	nodules.	As	previously	discussed,	there	are	potential	issues	with	assuming	that	a	missing	artefact	was	directly	related	to	the	knapping	process	as	it	may	be	scavenged	as	a	separate	event	(Holdaway	and	Douglass	2012)	or	there	may	be	involvement	of	other	people	in	the	selection	process	(Hiscock	2004).		One	way	this	is	studied	is	to	analyse	the	timing	of	missing	artefacts	 within	 reduction	 sequences.	 Where	 missing	 artefacts	 are	 at	 the	 end	 of	 the	reduction	 sequence	 then	 it	 was	 hypothesised	 that	 there	 would	 be	 a	 greater	 degree	 of	connection	between	the	knapping	process	and	the	missing	artefact	as	a	potential	intended	production	output.	 If	missing	artefacts	were	 from	other	parts	of	 the	 reduction	 sequence	then	 they	may	have	more	 likely	been	selected	after	knapping	was	complete	 (eg.	Hayden	1979;	Hiscock	2004),	which	increases	the	potential	 involvement	of	other	individuals	and	scavenging.			Missing	artefacts	were	also	modelled	to	identify	general	trends	in	artefact	selection.	This	was	to	determine	if	 there	was	an	overall	standardisation	in	preferred	artefact	attributes,	and	in	particular	if	these	characteristics	differed	from	artefacts	which	were	not	selected	and	remained	in	the	knapping	floor	sites.			
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The	methods	used	for	this	analysis	included	refitting	knapping	floor	assemblages	to	identify	voids	in	the	conjoined	nodules	that	represent	missing	artefacts.	These	were	then	modelled	using	3D	laser	scanning	using	a	technique	and	scanner	that	was	specifically	developed	for	this	project.	Cortex	area	analysis	(Dibble	et	al.	2005;	Douglass	et	al.	2008)	was	also	used	to	support	 the	 evidence	 from	 refitting	 by	 identifying	 the	 presence	 of	 missing	 artefacts	indicated	by	 total	cortex	surface	area	 in	 the	assemblages.	These	methods	along	with	 the	others	used	for	this	study	are	now	outlined	in	further	detail.		
Specific	Methods		The	following	describes	the	specific	methods	used	for	this	research	project.	It	begins	with	the	fieldwork	undertaken	and	the	methods	used	to	model	formation	processes	in	the	gibber	plain.	Analytical	techniques	are	then	described	relating	to	artefact	assemblages	and	spatial	patterning	of	sites	and	artefacts.	This	 information	is	supplemented	by	Appendix	4	which	provides	further	detail	on	specific	methods	as	well	as	a	basic	description	of	the	different	forms	of	statistical	analysis	used	for	this	research.		
Site	Sampling	Strategy	Forty-six	quartzite	gibber	plain	knapping	floors	and	nine	dune	sites	were	collected	from	the	study	area	for	detailed	analysis.	These	sites	were	chosen	after	extensive	time	was	spent	in	the	 area	 in	 2009	 examining	 the	 sites	 and	 selecting	 those	 that	 had	 most	 potential	 to	contribute	to	the	research	questions	of	the	project.	The	sites	for	salvage	and	analysis	were	identified	using	the	following	aims:		 1. To	 have	 a	 representative	 collection	 of	 artefact	 assemblages	 primarily	 from	 gibber	
plain	 quartzite	 knapping	 floors	 but	 also	 nearby	 dune	 sites.	 In	 this	 instance	representative	 refers	 to	 having	 examples	 of	 artefacts	 from	 sites	 in	 different	locations	within	the	study	area,	from	different	sized	sites	and	at	varying	distances	from	 sand	 dunes.	 In	 addition,	 to	 assist	 the	 research	 on	 site	 formation	 processes	(Chapter	 5),	 a	 small	 collection	 of	 gibber	 plain	 knapping	 sites	 was	 made	 from	environmental	contexts	that	displayed	varying	degrees	of	gibber	clast	coverage	and	positioning	in	relation	to	active	gilgais.		2. To	have	complete	collections	of	gibber	plain	knapping	floor	sites	and	a	focus	on	sites	
with	 the	 greatest	 likelihood	 of	 spatial	 integrity.	 Refitting	 analysis	 and	 intra-site	spatial	 analysis	 are	 both	 analytical	 methods	 used	 in	 this	 research	 to	 explore	knapping	 strategies	 and	 individual	 knapper	 behaviours,	 two	 aspects	 for	 which	individual	knapping	floor	sites	were	identified	to	have	great	research	potential.	Not	
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all	knapping	floor	sites	in	the	study	area	gibber	plain	were	however	ideal	for	this	research	 so	 those	 which	 displayed	 a	 higher	 degree	 of	 clustering	 and	 were	 at	 a	greater	distance	 from	 locations	which	had	obvious	post-depositional	disturbance	(such	as	vehicle	tracks,	dam	drainage	earthworks	and	active	gilgais)	were	chosen.			 The	 gibber	 plain	 overall	 has	 a	 high	 degree	 of	 rock	 clast	 coverage	 of	 fairly	homogenous	quartzite.	This	 can	make	artefact	visibility	difficult,	 especially	when	artefacts	have	dorsal	cortex	and	may	be	lying	on	their	ventral	surface.	Clustering	of	knapping	floors	was	hypothesised	to	indicate	a	greater	likelihood	of	spatial	integrity	but	also	more	clustered	sites	increased	the	likelihood	of	finding	all	the	artefacts	than	sites	with	a	greater	degree	of	dispersion.	Knapping	sites	where	there	were	discrete	clusters	suggestive	of	single	knapping	events	and	nodules	were	also	prioritised	over	those	which	had	obvious	multiple	events	and	nodules.	Spatial	and	refitting	analysis	are	both	difficult	and	time-consuming	methods	of	analysis	and	to	have	the	greatest	likelihood	of	success,	knapping	sites	with	this	simple	structure	were	considered	to	have	the	greatest	potential	for	these	research	aims.	 		3. To	have	gibber	knapping	floor	sites	with	the	greatest	research	potential	to	examine	
knapping	strategies.	 In	addition	to	an	aim	for	completeness	discussed	previously,	another	aspect	which	was	prioritised	 in	 the	selection	of	 the	gibber	plain	was	 the	presence	of	one	or	more	cores.	 	This	was	to	allow	analysis	of	knapping	strategies	from	core	attributes	as	well	as	to	increase	the	potential	success	of	refitting	analysis,	which	is	substantially	improved	by	the	presence	of	cores.				Due	to	the	wide	variety	of	site	characteristics	in	the	study	area	and	the	large	number	of	sites	present,	a	random	sampling	strategy	would	not	have	ensured	all	the	research	goals	of	the	project	would	be	met.	Thus,	a	targeted	sampling	strategy	was	used	ensuring	that	the	sites	selected	for	collection	met	all	the	research	needs.			The	intra-site	sampling	strategy	was	very	simple	for	gibber	plain	knapping	floors	as	100%	of	all	surface	artefacts	were	collected.	For	sites	in	which	one	of	the	piece	plotting	methods	(described	 below)	 was	 used,	 a	 shallow	 subsurface	 investigation	 involving	 excavation	(100mm	deep)	was	also	undertaken	to	collect	any	artefacts	which	had	become	buried,	as	well	as	to	gain	a	further	understanding	of	the	site	formation	processes	at	play	in	the	gibber	plain.	 		For	dune	sites,	a	sample	of	artefacts	was	taken	using	a	traditional	grid	method.	For	most	of	
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the	sand	dune	sites	100%	of	the	surface	artefacts	were	collected	as	these	were	relatively	small	 sites.	For	 the	 largest	 sand	dune	 site	ODX_15546	complete	 salvage	was	 impossible.	This	site	had	an	estimated	1500,000	artefacts	which	would	have	been	far	too	many	to	both	collect	and	analyse	within	a	reasonable	time	period.	Having	a	complete	sample	was	also	not	necessary	for	this	site,	as	a	smaller	sample	could	be	statistically	used	to	make	generalised	interpretations	of	the	overall	trends	of	stone	technology.	At	ODX_15546	four	3x3m2	areas	concentrated	 in	 the	 densest	 part	 of	 the	 dune	 deflation	 were	 sampled	 providing	 4305	artefacts	which	was	by	far	the	largest	sample	of	any	sand	dune	or	knapping	floor	site	for	this	project.			This	approach	fits	with	the	interpretation	that	the	sand	dune	deflation	at	ODX_15546	is	a	time-average	 concentration	 of	 artefacts	 spanning	 14	 thousand	 years	 of	 occupation	 (see	page	83).	 It	 is	was	not	 the	goal	 to	make	 intra-site	spatial	 interpretations	of	activities	(as	temporal	overprinting	would	prevent	this)	nor	to	make	detailed	comparisons	of	different	sand	dune	sites	to	each	other.	Therefore,	the	difference	is	completeness	of	the	percentage	the	surface	scatters	at	the	different	sand	dunes	sites	is	not	of	concern	as	the	goal	is	to	make	statements	of	the	overall	trends	in	stone	technology.	For	individual	descriptions	of	the	sites	collected	from	the	study	area	see	Appendix	8.		The	sand	dune	site	ODX_15546	was	a	particular	priority	in	the	selection	strategy	used.	This	was	the	largest	dune	site	in	the	area	and	thus	a	focal	point	for	occupation.	It	was	therefore	considered	a	good	representation	of	activity	in	the	area.	Additionally,	this	was	the	only	site	in	the	area	with	chronological	control	as	it	was	the	subject	of	excavations	and	dating	by	the	HEHODAP.	The	oldest	date	obtained	for	this	site	was	14	thousand	years	ago	(kya)	which	was	obtained	at	a	depth	of	800mm	below	the	surface	within	excavations	of	the	sand	dune	crest	 (Sullivan	 and	Hughes	2014:23).	 It	was	noted	 that	 this	depth	 corresponds	with	 the	same	level	of	the	deflated	area	of	the	sand	dune	where	artefacts	for	the	current	project	were	sampled.	The	process	of	 sand	erosion	 to	 create	dune	deflations	 is	well	understood	 from	previous	research	 	 (eg.	Mabbutt	1977;	Sullivan	 et	al.	2012a;	Sullivan	 et	al.	2012b).	 In	an	archaeological	context,	this	results	in	the	concentration	of	artefacts	from	different	depths	(and	 time	periods)	 into	 a	 time-averaged	 surface	 lag	deposit	 (Barker	2006;	 Shiner	2003;	Stern	1994;	Sullivan	et	al.	2012a).	Aboriginal	use	of	place	may	also	concentrate	in	the	dune	deflations	due	 to	 their	high	 level	of	protection	 from	wind,	 also	 contributing	 to	 the	 time-average	 surface	 deposit.	 These	 processes	 are	 interpreted	 to	 also	 be	 involved	 in	 the	ODX_15546	sand	dune	deflation	where	the	density	of	artefacts	was	757%	higher	in	density	in	the	dune	deflation	than	at	the	dated	level	800mm	deep	further	up	at	the	dune	crest	(see	p64-65	and	Chapter	8).	Thus,	it	can	be	reliably	it	can	be	reliably	understood	that	the	sample	
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from	 this	 site	 from	 the	deflated	area	 corresponds	with	a	 time-averaged	accumulation	of	occupation	in	the	area.	As	it	is	the	same	level	as	the	dated	subsurface	deposit	this	is	expected	to	be	of	a	period	spanning	some	14	thousand	years	(ky)	and	represent	stone	technology	over	 the	 entire	 known	 history	 of	 occupation	 of	 ODX_15546	 and	 the	 study	 area	 more	generally.		
	Figure	14:	Collected	or	sampled	sites	in	the	study	area	
	
Fieldwork	Methods	Significant	 time	was	 spent	 in	 the	 field	 recording	 and	 collecting	 sites	with	 the	 first	work	beginning	 in	 2009	 and	 finishing	 in	 2010	when	 laboratory	 work	 analysing	 the	 artefacts	commenced.	 Several	 different	 fieldwork	 methods	 were	 used	 to	 collect	 the	 gibber	 plain	knapping	floors	and	sand	dune	sites.	To	maximize	the	number	of	artefacts	and	sites	that	could	 be	 collected,	 particularly	 as	 the	 project	 was	 in	 part	 a	 salvage	 operation	 before	proposed	mine	development,	some	sites	were	collected	using	quicker,	less	precise	methods.	Large	numbers	of	sites	were	also	collected	using	far	more	detailed	methods,	in	some	cases	with	the	exact	orientation	of	individual	artefacts	recorded.	This	enabled	a	balance	of	quality	and	quantity	of	contextual	information	and	maximised	the	number	of	sites	and	assemblage	sizes	examined	within	the	time	constraints	of	the	project.	There	was	no	official	size	cut-off	used	 to	 exclude	artefacts	 from	collection	 for	 any	of	 the	 field	methods	used.	All	 artefacts	regardless	of	their	size	were	considered	important	to	this	analysis	and	therefore	all	visually	
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identified	(including	probable	artefacts	such	as	angular	fragments)	were	collected.	For	sites	that	were	excavated	and	sieved	in	the	field	however	a	size	cut-off	of	3mm	would	have	been	created	by	the	sieve	size	used.	Soil	samples	analysed	for	microdebitage	analysis	however	ensure	that	a	complete	picture	of	a	sample	of	sites	was	made	even	at	the	microscopic	level.	The	 following	 is	 an	 outline	 of	 the	 different	 methods	 of	 fieldwork	 employed.	 This	 is	supplemented	by	the	information	in	Appendix	4	which	lists	the	specific	fieldwork	methods	used	for	each	site	collected.		
	
Piece	Plotting	of	Archaeological	Sites	(Single	Point	Piece	Plotted	and	Seven	Point	Piece	Plotted	
Methods)	Most	of	the	gibber	knapping	floors	and	some	of	the	dune	sites	were	salvaged	using	a	method	that	 recorded	 the	 location	 (and	sometimes	orientation)	of	 individual	artefacts.	A	 robotic	Leica	TP1100	series	total	station	with	a	prism	was	used	to	record	the	artefact	locations	in	addition	to	other	site	features	including	the	location	of	vegetation	and	topography.	The	total	station	 was	 connected	 via	 a	 serial	 cable	 to	 a	 laptop	 computer	 running	 the	 program	MicroSurvey	FieldGenius	10.		Whilst	the	total	station	was	capable	of	recording	and	storing	information	in	isolation,	the	benefit	of	using	the	FieldGenius	software	was	the	ability	to	provide	real-time	visualization	of	the	site	and	additional	data	to	be	attached	to	recorded	points	(or	lines).	The	laptop	was	also	connected	to	a	handheld	barcode	scanner.	Each	artefact	collected	was	given	a	unique	barcode	 that	was	printed	on	a	 sticker	 attached	 to	 a	museum	grade	 ziplock	bag.	As	 each	artefact	was	 recoded	with	 the	 total	 station,	 the	barcode	was	 scanned.	This	enabled	easy	association	of	individual	artefacts'	contextual	information	with	their	attribute	analysis.	This	setup	 was	 designed	 to	 be	 as	 efficient	 as	 possible.	 As	 the	 total	 station	 was	 robotic	 and	automatically	tracked	the	prism	held	on	the	artefacts,	it	was	possible	to	record	and	collect	piece	plotted	sites	with	only	two	people.	One	person	held	the	prism	and	bagged	the	artefacts	and	the	other	person	controlled	the	total	station	via	the	laptop,	scanning	an	identical	copy	of	the	barcode	as	it	was	placed	on	the	artefact	bag.		The	total	station	was	used	at	the	highest	possible	accuracy	(+/-	1mm),	using	a	mini	prism	on	 a	 small	 pin	 positioned	 on	 the	 artefact	 and	 levelled	with	 a	water	 bubble.	 During	 this	recording	 and	 collection	 process	 sites	were	 recorded	within	 their	 own	 local	 coordinate	system	 and	 not	 georeferenced.	 Whilst	 the	 site	 locations	 had	 been	 previously	 recorded	during	the	survey	stage	of	the	project	using	Trimble	Nomads,	these	can	be	inaccurate	by	up	to	5m,	so	georeferencing	was	delayed	until	after	the	site	was	collected	and	the	area	could	
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be	recorded	using	differential	GPS	(DGPS)	which	has	an	accuracy	of	approximately	10mm.	A	minimum	of	3	datum	and	backsight	pegs	were	left	at	the	sites	which	had	been	recorded	by	the	total	station	to	later	be	recorded	with	the	DGPS.		Most	sites	were	collected	recording	a	single	point	per	artefact.	This	was	positioned	on	top	of	 the	 artefact	 at	 the	 centre	 point.	 After	 the	 surface	 artefacts	 were	 collected	 a	 1m	 grid	encompassing	the	entire	area	over	which	surface	artefacts	were	found	was	positioned	in	a	north-south	alignment.	These	were	excavated	as	a	 single	 spit,	 to	a	depth	of	100mm	and	sieved	for	artefacts	using	a	3mm	screen.	This	was	to	ensure	any	buried	artefacts,	which	may	be	important	for	later	refitting	in	the	laboratory,	were	found.			Sites	which	were	part	of	the	site	formation	process	analysis	(five	in	total)	were	recorded	with	up	to	seven	points	per	artefact.	These	were:		
- Centre	point	on	top	of	the	artefact	
- Maximum	depth	of	the	artefact	
- Longitudinal	axis	1	
- Longitudinal	axis	2	
- Percussive	axis	1	(proximal)	
- Percussive	axis	2	(distal)	
- Ground	surface	topography	directly	beside	artefact		Cores	were	recorded	with	all	of	these	same	points	except	those	for	percussive	axis.	Artefacts	smaller	than	10mm	were	recorded	with	only	a	centre	point,	maximum	depth	and	surface	topography.	These	sites	were	also	spit-excavated	and	where	a	buried	artefact	was	found	all	the	same	measurements	were	recorded	where	possible	with	the	exception	of	the	surface	topography.		
	
Site	Gridding	A	1m	N-S	aligned	grid	was	used	to	collect	both	surface	and	subsurface	artefacts	on	dune	sites.	 Initially	some	dune	sites	were	salvaged	using	a	single	point	piece	plotting	method.	However,	this	proved	to	be	overly	time	consuming	for	such	large	sites	with	high	artefact	density.	Sand	dunes	are	dynamic	environments	and	artefacts	are	likely	to	have	moved	via	natural	environmental	processes	during	the	history	of	the	site	(Borrazzo	2006;	Lancaster	1986;	Wood	and	Johnson	1978).	The	spatial	patterning	of	artefacts	at	the	dune	sites	was	not	to	 be	 analysed	 by	 this	 project	 and	 thus	 a	 1m2	 collection	 grid	 was	 considered	 to	 be	 of	sufficient	resolution.	Other	dune	sites	salvaged	by	HEHODAP	also	used	this	method	so	the	
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data	would	be	easily	comparable.	For	large	sites	a	sample	of	squares	within	the	grid	were	shallow	excavated	to	a	depth	of	100mm.	For	smaller	dune	sites	all	collection	squares	were	shallow	excavated.			
Single	Square	Pickup	The	single	square	pickup	method	was	reserved	for	sites	that	due	to	time	constraints	could	not	have	been	salvaged	using	other	methods.	This	‘quick	and	dirty’	method	was	to	ensure	that	the	largest	possible	sample	of	knapping	floors	was	collected	both	for	this	project	and	for	 future	curation.	Spatial	 information	relating	to	 individual	artefacts	was	not	recorded.	Four	pegs	which	were	later	recorded	using	DGPS	were	positioned	so	they	created	squares	of	varying	size	(although	always	to	a	whole	square	metre).	After	a	photograph	of	each	site	was	taken	the	artefacts	were	individually	bagged.	These	sites	were	not	shallow	excavated.			
DGPS	Survey	and	Georeferencing	A	DGPS	Survey	of	all	of	the	salvaged	sites	was	conducted	by	surveyors	from	BHP	Billiton	Olympic	Dam.	These	surveys	recorded	the	reference	pegs	left	at	the	sites	after	their	salvage	and	in	addition	recorded	topography	of	the	dune	sites	and	their	surrounds.	This	data	was	provided	in	string	format	and	was	later	imported	into	ArcGIS	to	georeference	the	salvaged	sites	and	make	topographic	maps.		
	
	
Methods	Used	to	Map	the	Gibber	Plain	Surface	Geology	A	survey	of	the	study	area	gibber	plain	was	conducted	to	record	the	characteristics	of	the	gibber	stone	material	and	surface	geomorphology.	This	survey	and	subsequent	mapping	contributed	 to	 addressing	 procurement	 strategies	 as	 a	 characterisation	 of	 available	 raw	material	and	provided	data	for	the	costs-benefits	analysis	of	knapping	floor	site	location.	Additionally,	the	survey	was	important	for	understanding	site	formation	by	characterising	aspects	such	as	the	density	of	stone	clast	coverage	as	a	potential	contributor	to	site	stability.			The	survey	was	completed	using	east-west	running	transects	with	samples	recorded	every	100m	within	 a	 1m2	 area	 (see	 Figure	 15).	 Details	were	 recorded	 using	 a	 hand	 held	 GPS	(Trimble)	device	running	ESRI	ArcPAD	(Sullivan	et	al.	2014a).	Photos	were	taken	at	each	location	for	 later	reference	and	location	characteristics	recorded	in	a	customised	ArcPad	recording	form	that	noted	the	following	characteristics:		- The	GPS	coordinates	of	the	location	recorded	as	eastings	and	northings.	- The	overall	surface	cover	of	stone	casts	estimated	visually	as	a	percentage.		
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- The	 percentage	 of	 gibber	 clasts	 that	were	 firmly	 embedded	within	 the	 surface	 clay	versus	the	percentage	that	were	loose	on	the	surface.	- The	percentage	of	each	type	of	raw	material	present	(since	there	were	trace	amounts	of	raw	materials	other	than	quartzite).	- The	percentage	of	pebbles	(2-64mm),	cobbles	(64-256mm)	and	boulders	(>256mm)	within	each	raw	material	type	present.	- The	maximum	dimension	of	the	largest	gibber	clast	within	the	survey	area	for	each	of	type	of	raw	material	present,	measured	using	a	hand-held	tape	measure.	- Descriptive	 notes	 including	 mention	 of	 the	 presence	 of	 any	 obvious	 gilgai	 features	(Mabbutt	1977,	see	also	page	110	of	this	thesis),	other	evidence	of	ground	disturbance	or	patterning.			
	Figure	15:	Map	of	study	area	with	gibber	survey	sample	locations	shown		In	addition,	24	randomly	distributed	locations	(which	did	not	disturb	archaeological	sites)	were	selected	for	more	detailed	analysis.	At	each	of	these	locations	a	sample	of	50	gibber	stones	was	collected.	To	ensure	a	representative	sample,	a	datum	point	was	established	at	each	gibber	 collection	 location	and	all	 stones	over	10mm	 in	 size	collected	along	a	north	running	 string	 until	 50	 stones	 were	 collected.	 The	 rock	 type	 of	 each	 of	 the	 stones	 was	identified	 then	 they	 were	measured	 using	 digital	 callipers	 in	 three	 dimensions	 (length,	width	and	thickness)	and	their	shape	recorded	as	angular,	rounded	or	tabular.			The	information	gathered	from	these	sample	surveys	was	then	imported	into	ESRI	ArcGIS	9.3.	It	was	then	converted	into	raster	layers	using	nearest	neighbour	interpolation	to	create	a	map	layer	for	the	site	location	analysis	described	in	Chapter	9.		
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Methods	Used	to	Study	Knapping	Floor	Site	Formation	The	following	are	the	specific	methods	used	to	analyse	the	site	formation	of	knapping	floor	sites	in	the	gibber	plain.	This	includes	the	characterisation	of	site	taphonomy	in	the	gibber	plain	 environment	 as	 well	 as	 the	 intra-site	 spatial	 patterning	 produced	 by	 individual	knappers.			
Microdebitage	Analysis		Microdebitage	analysis	was	conducted	to	study	the	natural	post-depositional	processes	that	take	place	in	the	gibber	plain	environment	which	may	impact	the	study	area	knapping	floor	sites.	This	method	has	been	shown	in	previous	studies	to	be	useful	for	identifying	wind	and	water	 erosion	 that	 differentially	 impact	 the	 smallest	 fraction	 sediments	 and	 artefacts	(Dunnell	and	Stein	1989;	Fladmark	1982;	Hull	1987).	It	was	therefore	predicted	that	if	these	processes	 were	 major	 impacts	 in	 the	 gibber	 plain	 environment	 then	 no	 microdebitage	would	be	remaining.	 In	contrast	 if	vertisol	swelling	and	shrinking	(Mabbutt	1977)	was	a	dominant		process,	then	microdebitage	was	expected	to	be	present	in	subsurface	deposits	associated	with	knapping	floor	sites.	Each	of	these	processes	had	different	implications	for	the	overall	site	stability	of	knapping	floor	sites.			Microdebitage	in	this	study	was	defined	as	stone	artefacts	less	than	3mm	in	size.	This	size	range	was	chosen	as	it	relates	to	material	less	than	the	minimum	sieve	used	in	excavation.	This	definition	has	also	been	used	by	other	researchers	for	this	same	reason	(Dunnell	and	Stein	1989;	Kontogiorgos	et	al.	2007).		One	 aspect	 that	 greatly	 influences	 the	 ability	 of	 a	 stone	 type	 to	 retain	 diagnostic	 flake	features	at	 the	micro-scale	 is	 its	 texture	(Fladmark	1982).	The	coarser	 the	raw	material,	then	the	larger	an	artefact	would	need	to	be	to	retain	flaking	features.	This	is	because	at	the	microscopic	 scale	 composite	 crystals	 or	 grains	 disguise	 artefactual	 features	 of	 the	microdebitage.		It	was	therefore	concluded	that	the	quartzite	knapping	floors	in	the	study	area	were	not	an	 ideal	context	 in	which	 to	 look	 for	microdebitage	as	 they	were	made	of	courser	grained	material	which	could	produce	a	false	negative	result.	Therefore,	two	chert	knapping	floors	 from	an	area	a	 few	kilometres	west	of	 the	study	area	were	used	 instead	(sites	 that	were	part	 of	 the	HEHODAP	 	 (Sullivan	 and	Hughes	2014)).	 It	 is	 reasonable	 to	expect	that	the	same	geomorphic	processes	would	apply	in	this	other	gibber	plain	so	close	to	the	study	area.				For	 the	 investigation	 of	 the	 archaeological	 presence	 of	 microdebitage,	 samples	 were	collected	 from	 underneath	 two	 chert	 knapping	 floors	 in	 addition	 to	 two	 background	
95		
samples	collected	from	areas	over	10m	away	from	the	nearest	knapping	floor.	Soil	samples	were	collected	from	the	test	pit	walls	at	successively	increasing	depths.			These	soil	samples	were	then	decanted	in	pure	water	to	remove	the	silt	and	clay	content	(Folk	1974)	and	dried	before	sieving	using	nested	sieves.	The	sieve	sizes	ranged	from	1.0f	(medium	sand)	to	4.5f	(silt	and	mud	sized	particles)	as	well	as	a	base	pan	that	captured	all	material	 below	 this	 size.	 This	 is	 a	 standard	 practice	 for	 soil	 analysis	 to	 determine	 the	percentage	of	sediment	at	each	particle	size	(Folk	1974).	Each	sediment	fraction	was	then	weighed	and	examined	under	a	Nikon	stereo-microscope	at	150x	magnification.	The	results	of	this	analysis	are	presented	in	Chapter	5.	 			
Detailed	Excavation	of	a	Sample	of	Archaeological	Gibber	Plain	Knapping	Floors		Five	 gibber	 plain	 knapping	 floor	 sites	were	 selected	 for	 a	 highly	 detailed	 site	 recording	method	with	the	aim	to	document	the	precise	environmental	context	of	the	sites	including	the	degree	of	site	burial	as	a	 taphonomic	process	of	site	 formation.	Sites	 for	 this	 level	of	study	were	chosen	to	represent	the	variety	of	different	gibber	plain	environmental	contexts,	in	particular	locations	in	relation	to	active	gilgai	(Mabbutt	1988).	The	selection	criteria	also	required	 sites	 to	 have	 approximately	 30	 artefacts	 visible	 on	 the	 surface.	 This	 ensured	 a	significant	sample	size	and	not	too	many	artefacts	given	the	time	consuming	nature	of	this	more	detailed	site	recording	format.		For	these	sites,	all	individual	surface	artefacts	were	piece	plotted	using	a	total	station	with	an	accuracy	of	+/-3mm.	Up	to	seven	measurements	were	made	to	record	each	artefact’s	orientation	depending	on	their	degree	of	fragmentation.	These	points	were:				 - Centre	Point	(taken	from	on	top	of	the	artefact)	- Long	axis	point	1	- Long	axis	point	2	- Percussive	axis	point	1	(point	of	percussion)	- Percussive	axis	point	2	(distal	end)	- Maximum	artefact	depth	- Ground	elevation	(taken	beside	the	artefact	on	the	ground	if	a	surface	artefact		Particularly	small	artefacts	or	cores	were	not	recorded	with	every	measurement,	but	at	a	minimum	every	artefact	was	recorded	at	the	centre	point	and	maximum	depth.	Within	each	of	these	five	sites,	a	500mm	test	pit	was	also	selected	and	carefully	excavated	to	a	minimum	
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depth	 of	 100mm.	 Excavation	 was	 deeper	 if	 subsurface	 artefacts	 were	 observed	 or	suspected.	 This	 excavation	was	 dug	 as	 a	 single	 spit	with	 all	 artefacts	 and	 natural	 stone	pieces	 plotted,	 recording	 their	 exact	 orientation	 throughout	 the	 process.	 All	 sediment	excavated	was	sieved	for	any	small	artefacts	not	visible	during	the	excavation	process.		The	results	of	the	excavation	of	these	sites	are	presented	in	Chapter	5.			
Simulated	Gibber	Plain	Artefact	Movement	Experiments	A	 series	 of	 experiments	 was	 conducted	 to	 quantify	 artefact	 movement	 in	 gibber	 plain	environments	 over	 a	 period	 of	 21	 months.	 This	 was	 important	 because	 it	 would	demonstrate	 to	what	extent	 taphonomic	processes	might	affect	knapping	 floor	 sites	and	individual	artefacts.	This	was	also	done	to	model	the	specific	environmental	contexts	that	would	be	most	protective	of	site	spatial	stability.	The	experiments	tested	several	variables	which	were	expected	to	influence	artefact	displacement.	These	were:		
1. Gibber	 clast	 rock	 coverage:	 either	 high	 or	 low/almost	 zero.	 This	 is	 the	 relative	density	of	natural	gibber	rocks	on	the	ground	surface.	
2. Sediment	type.	Two	types	of	surface	were	chosen,	exposed	hard-pan	and	a	softer	‘spongy’	textured	surface	likely	to	be	vegetated	during	wetter	seasons.	
3. Artefact	weight	
4. The	 role	 of	 large	 to	 medium	 sized	 animals	 in	 artefact	 movement:	 In	 particular,	kangaroos,	foxes,	feral	cats,	dogs	and	rabbits			In	September	2010	 I	 constructed	8	experimental	knapping	sites.	Each	site	had	a	slightly	different	combination	of	gibber	surface/artefact	size	characteristics	so	that	the	contributing	role	of	the	test	variables	could	be	isolated.	The	variables	of	each	experiment	are	listed	in	Table	7.			The	artefacts	used	for	these	experimental	sites	were	made	of	local	materials	(by	the	author)	and	were	weighed	and	labelled	with	a	distinguishing	number	using	Indian	ink	and	lacquer.	This	information	was	also	recorded	in	a	database	(Table	8).		Artefacts	were	numbered	so	that	they	could	be	identified	at	the	end	of	the	experiment	and	their	individual	movement	analysed.	Each	experimental	knapping	site	was	constructed	by	placing	a	cluster	of	 these	artefacts	in	the	correct	gibber	context	associated	with	their	experiment	and	recording	their	location	with	a	total	station	with	an	accuracy	of	+/-3mm.					
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Table	7:	Taphonomic	experiments	
Experiment	#	 Gibber	Surface	 Gibber	Cover	 Other	Notes	
1	 Hard-pan	 Low	clast	coverage(<10%)	 	
2	 Hard-pan	 High	clast	coverage(>70%)	 	
3	 Soft	 Low	clast	coverage(<10%).	 	
4	 Soft		 High	clast	coverage(>70%)	 	
5	 Hard-pan	 Low	clast	coverage(<10%)	 Fenced	
6	 Hard-pan	 Low	clast	coverage	
(<10%)	
Fenced,	large	artefacts		
7	 Hard-pan	 Low	clast	coverage	(<10%)	 Large	artefacts	
8	 Soft	 High	clast	coverage(>70%)	 Large	artefacts			A	 location	nearby	 the	 study	area	was	used	 for	 these	experiments	which	had	each	of	 the	required	gibber	surfaces	represented	in	a	relatively	small	test	area.	It	was	also	at	a	distance	from	archaeological	sites	to	avoid	contamination.				 Table	8:	Weight	of	artefacts	used	for	experiments	
	 	Weight	(g)	
Experiment	 N	 Mean	 Minimum	 Maximum	 Std.	Deviation	
1	 136	 3.55	 .01	 129.87	 14.17	
2	 126	 4.74	 .01	 171.63	 19.86	
3	 126	 5.09	 .01	 141.19	 14.69	
4	 87	 4.24	 .01	 109.51	 25.70	
7	 9	 471.44	 73.10	 1352.02	 455.96767	
8	 9	 493.674	 12.09	 1128.75	 315.45812			Two	of	these	experimental	sites	were	chosen	to	have	much	larger	stone	artefacts	than	the	others	 (to	 test	 this	 factor	 as	 an	 influencer	 of	 artefact	 movement	 and	 site	 stability).	 In	addition,	two	sites	were	fenced	with	stakes	and	plastic	fencing	mesh	to	protect	them	from	larger	animal	disturbance	(kangaroos,	emus	etc).	This	was	so	that	the	geomorphic	process	could	be	isolated	from	large	animal	disturbance	as	a	potential	factor	of	artefact	movement.			In	June	2016	the	locations	of	the	artefacts	within	the	experimental	sites	was	again	recorded	and	 the	artefacts	 collected	 so	as	not	 to	 contaminate	 the	 local	 area.	Appendix	5	provides	photographs	of	the	experimental	sites	at	the	beginning	and	the	end	of	the	experiment	as	well	 as	 observations	made	 during	 the	 experimental	 period	when	 the	 sites	were	 visited.	When	the	experimental	sites	were	collected	it	was	noted	that	several	of	the	artefacts	had	lost	their	number,	probably	due	to	natural	weathering	processes.	Therefore,	where	it	was	a	unique	variable,	artefact	weight,	was	used	as	the	identifying	characteristic.		
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	After	 the	 surface	 artefacts	 had	 been	 plotted	 and	 removed	 from	 the	 site,	 a	 square	encompassing	 the	visible	surface	area	of	 the	site	was	excavated	to	a	shallow	depth.	This	involved	a	shallowed	a	single	unit	excavation	to	a	depth	of	a	50mm	which	was	then	sieved.	All	 artefacts	 found	 were	 bagged	 individually.	 Chapter	 5	 provides	 the	 results	 of	 these	experiments	 and	 their	 implications	 for	 the	 archaeological	 knapping	 floors	 in	 the	 gibber	plain.		
Knapping	Experiments	to	Model	Intra-Site	Spatial	Patterning	The	 following	 describes	 the	 experiments	 undertaken	 to	 model	 the	 spatial	 patterns	produced	 by	 individual	 knappers	 and	 the	 degree	 of	 variability	 produced	 by	 stance	 and	handedness.	This	was	a	component	of	the	analysis	to	 identify	site	formation	of	knapping	floors	and	the	ability	for	sites	to	retain	information	about	individual	knapping	events.			The	experiments	undertaken	were	informed	by	previous	work	which	identified	distinctive	spatial	 patterns	 produced	 by	 these	 two	 variables	 (Binford	 and	O'Connell	 1984;	 Hiscock	2005a;	Kvamme	1997;	Newcomer	and	Sieveking	1980;	 Stone	2014).	 	This	prior	work	 is	briefly	 outlined	 as	 it	 informed	 the	 experiments	 designed	 for	 this	 study.	 In	 part	 this	experiment	aims	to	address	previous	issues	in	experimental	work	on	this	topic	and	does	so	by	modelling	knapping	techniques	described	in	the	ethnographic	records.			Intra-site	 spatial	 analysis	 created	 by	 knapping	 behaviours	 have	 been	 experimentally	modelled	 in	 several	 previous	 studies	 (Kvamme	 1997;	 Newcomer	 and	 Sieveking	 1980;	Schick	1986;	Stone	2014).	These	studies	have	focused	on	identifying	knapping	handedness	and	 stance	which	 appear	 to	 greatly	 influence	 the	 intra-site	 spatial	 patterns	 of	 knapping	floors.	 Stance	 and	 handedness	 can	 be	 viewed	 as	 an	 extension	 of	 the	 overall	 knapping	strategy	or	technique	used	to	make	artefacts	and	an	important	part	of	the	original	definition	of	technological	lifecycles	or	chaîne	opératoire	which	includes	explicit	mention	of	knapping	biomechanics	and	gestures	(Sellet	1993;	Shott	2003).			These	 experimental	 studies	 observed	 a	 relationship	 between	 the	 height	 of	 the	 knapper	(standing	 vs	 sitting)	 and	 the	 overall	 spread	 of	 artefacts	 (Kvamme	1997;	Newcomer	 and	Sieveking	 1980).	 The	 directionality	 of	 the	 scatter	 was	 also	 observed	 to	 relate	 to	 the	knapper’s	hammerstone	hand,	with	a	spray	outward	from	the	dominant	hand	used.			A	problem	with	this	prior	work,	was	the	inappropriateness	of	the	knapping	stances	used.	In	the	 initial	 work	 by	 Newcomer	 and	 Sieveking	 (1980)	 for	 example,	 one	 stance	 used	 is	
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knapping	 whilst	 sitting	 on	 a	 chair.	 This	 may	 have	 been	 inspired	 by	 traditional	 French	gunflint	knappers	(Evans	1872),	however	the	use	of	seats	is	not	useful	for	interpretations	of	 prehistoric	 knappers	 (Binford	 and	 O'Connell	 1984).	 No	 attempt	 was	 made	 in	 these	previous	studies	to	look	to	ethnographic	records	of	knapping	to	inform	the	experimental	design.	 Additionally,	 the	 spatial	 analysis	 of	 the	 experimental	 models	 was	 limited	 and	unsophisticated.	With	the	availability	of	GIS	technology	for	computer	assisted	quantitative	spatial	analysis,	it	was	hypothesised	that	many	new	insights	and	more	robust	interpretative	models	 could	 be	 produced.	 Thus	 the	 outlined	 experiments	 were	 conducted	 following	 a	discussion	on	ethnographic	examples	of	knapping	which	informed	the	selection	of	stances	used	in	the	models.				
Ethnographic	Records	of	Knapping	Stance	Hard	hammer	knapping	is	the	clear	method	of	production	for	the	large	quartzite	flakes	in	the	gibber	plain	knapping	sites	in	the	Roxby	dunefield.	Therefore,	ethnographic	records	using	hard	hammer	techniques	have	the	most	relevance.	A	survey	of	this	literature	revealed	that	squatting	with	the	core	on	the	ground	(Binford	and	O'Connell	1984),	squatting	whilst	holding	the	core	in	the	hand	(Dunlop	1967;	Elkin	1948;	Stout	2002),	standing	(McCarthy	1967),	sitting	cross	legged	on	the	ground	core	in	hand	(Akerman	2007),	holding	the	core	and	kneeling	while	knapping	in	front	of	the	body	(Akerman	2007)	and	kneeling	while	knapping	backwards	to	one	side	of	the	body	with	the	core	on	the	ground	(Hiscock	2005a)	were	the	techniques	used.			Other	studies	have	described	that	knapping	took	place	with	a	core	resting	on	the	ground,	but	do	not	give	a	description	of	the	exact	stance	used	(Spencer	and	Gillen	1912).	There	is	also	an	example	of	a	knapper	kneeling	but	the	position	of	the	core	is	not	described	(Binford	1986).	 In	 all	 of	 these	 examples,	 the	majority	 of	which	 are	 from	Australia	 (hence	 highly	relevant	 to	 the	 Roxby	 dunefield	 sites).	 It	 should	 also	 be	 noted	 that	 identical	 stances	 in	particular	swatting,	 is	also	recorded	among	knappers	 in	Papua	New	Guinea	 (Sillitoe	and	Hardy	 2003)	 and	 West	 Papua	 (Stout	 2002).	 This	 lends	 validity	 to	 these	 stances	 as	representative	of	knapping	in	the	broader	region.	In	none	of	these	ethnographic	records	are	there	examples	of	knapping	whilst	sitting	on	a	seat	(which	includes	large	boulders).		Of	particular	interest	amongst	these	studies	is	the	‘reverse	knapping’	observed	by	Hiscock	(2004,	2005a).	This	study	made	special	mention	of	the	spatial	pattern	of	artefacts	produced	which	are	extremely	relevant	 for	 this	study.	This	knapping	 technique	(Figure	16),	which	involved	kneeling	upright	with	the	core	to	the	side	of	the	body	(the	side	opposite	to	the	hand	holding	 the	 hammerstone),	 created	 a	 triangular	 spray	 of	 artefacts	 behind	 the	 body.	
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Significantly	 because	 of	 the	 positioning	 of	 the	 core	 and	 the	 backwards	 movement,	 the	trajectory	 of	 artefacts	 was	 from	 the	 opposite	 site	 of	 the	 body	 to	 the	 side	 holding	 the	hammerstone.	In	knapping,	the	dominant	hand	uses	the	hammerstone	as	this	requires	more	precision	 than	stabilising	 the	core	or	artefact	being	worked.	Using	 the	 reverse	knapping	technique,	a	right-handed	person	produces	artefacts	on	the	left	side	of	the	body.	This	is	the	opposite	of	the	patterns	that	appear	to	be	produced	when	the	core	is	knapped	more	in	front	of	the	body	(Newcomer	and	Sieveking	1980).			 	
	Figure	16:	‘Reverse	knapping’	by	Australian	Alyawara	Aboriginal	men	from	central	Australia	(from	Hiscock	2004)		Handedness	 has	 primarily	 been	 of	 archaeological	 interest	 in	 early	 Palaeolithic	 research,	which	 has	 been	 linked	 to	 the	 development	 of	 language	 and	 cognitive	 complexity	 (eg.	Cashmore	et	al.	2008;	Marzke	and	Shackley	1986).	These	issues	are	not	important	for	the	interpretation	of	the	Roxby	dunefield	knapping	floor	sites	which	are	clearly	made	by	fully	modern	humans	with	language.	However,	since	the	research	by	Hiscock	(2005a)	shows	that	stance	and	handedness	are	highly	related	and	entangled	in	the	spatial	patterns	produced,	both	of	 these	aspects	are	considered.	This	also	 increases	 the	broader	applicability	of	 the	experimental	models	created	by	this	thesis	research,	which	could	be	applied	in	the	future	to	contexts	where	handedness	does	have	greater	evolutionary	importance.				
Experimental	Design	of	Knapping	Experiments	Conducted		The	 following	 is	 the	design	of	 the	knapping	experiments	conducted	 to	model	stance	and	handedness	 for	 hard-hammer	 percussion.	 The	 stances	 selected	 were	 inspired	 by	 the	ethnographic	literature	that	has	been	previously	outlined.	A	series	of	8	experiments	were	conducted	which	each	test	a	unique	combination	of	handedness	and	stance	variables.	These	experiments	were:			
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Experiment	1:	Squatting,	core	in	front	of	body	on	the	ground,	right-handed.		Experiment	2:	Squatting,	core	in	front	of	body	on	the	ground,	left-handed.		Experiment	 3:	 ‘Reverse	 Knapping’.	 Kneeling,	 core	 on	 ground	 to	 right	 side	 of	 body.	 Left-handed.		Experiment	 4:	 ‘Reverse	 Knapping’.	 Kneeling,	 core	 on	 ground	 to	 left	 side	 of	 body.	 Right-handed.		Experiment	5:	Kneeling,	core	on	ground	in	front	of	body.	Left-handed.		Experiment	6:	Kneeling,	core	on	ground	in	front	of	body.	Right-handed.		Experiment	7:	Standing,	holding	small	core	 in	hand,	 letting	 flakes	drop	to	ground.	Right-handed.		Experiment	8:	Squatting,	holding	small	core	in	the	hand,	letting	flakes	drop	to	ground.	Right-handed.		All	 knapping	 was	 completed	 by	 experienced	 knapper,	 Professor	 Peter	 Hiscock.	 Peter	 is	naturally	right-handed	but	felt	comfortable	also	knapping	with	this	left	hand	as	only	simple	core	reduction	was	required.	While	a	left-handed	knapper	may	have	been	preferable	to	do	the	left-handed	experiments,	none	was	available	at	the	time.	Likewise,	it	was	preferred	that	the	knapper	was	standardised	for	all	experiments,	as	this	would	reduce	the	likelihood	of	changes	in	knapping	strategy	outside	of	the	experiment	parameters.			In	 all	 the	 experiments	 the	 aim	 was	 to	 produce	 large	 flakes	 without	 retouch	 using	 a	multidirectional	 core	 reduction	 technique	 and	 approximately	 50	 flakes.	 	 This	 was	 to	simulate	 the	 characteristics	 common	 to	 the	 archaeological	 knapping	 floor	 sites.	 Each	experiment	began	with	a	quartzite	nodule,	obtained	from	the	study	area	gibber	plain	(all	roughly	the	same	size)	and	a	selection	of	2-3	rounded	quartzite	hammerstones.	Knapping	took	place	on	a	plastic	tarpaulin	to	ensure	the	surface	was	completely	clean	of	any	 lithic	material	 (as	 other	 knapping	 experiments	 had	 occurred	 in	 the	 area)	 and	 to	 assist	 when	locating	the	knapped	flakes.	Each	experiment	was	photographed,	and	care	was	taken	to	not	disturb	 natural	 falling	 location	 of	 the	 flakes.	 The	 position	 of	 the	 knapper’s	 feet	 or	 legs	(dependent	on	the	posture)	was	marked.		The	location	of	the	knapper	and	each	flake	over	10mm	in	size	was	recorded	with	a	Leica	1100	 total	 station	 connected	 to	 a	 computer	with	 the	MicroSurvey	FieldGenius	 software.	Thus	these	locations	were	recorded	within	5mm	accuracy	and	each	flake	was	given	a	unique	number.	After	the	spatial	mapping	was	complete,	each	flake	was	individually	weighed	on	a	digital	scale	with	0.01g	precision.	Photographs	of	each	experiment	can	be	seen	in	Figure	17	to	Figure	24.	The	results	of	these	experiments	are	provided	in	Chapter	5.	
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	Figure	17:	Experiment	1	 	Figure	18:	Experiment	2					
	Figure	19:	Experiment	3	 	Figure	20:	Experiment	4	
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	Figure	21:	Experiment	5	
	Figure	22:	Experiment	6	
	Figure	23:	Experiment	7	 	Figure	24:	Experiment	8	
	
	
	
Methods	of	Artefact	and	Assemblage	Analysis	The	following	outlines	methods	used	to	analyse	the	sand	dune	site	and	knapping	floor	stone	artefact	assemblages.			
Individual	Artefact	Attribute	Analysis	Individual	artefact	attribute	(IAA)	analysis	is	a	technique	that	characterises	stone	artefact	technology	 through	 the	measurement	of	 single	artefacts	as	 the	key	unit	of	analysis.	This	approach	 is	 in	 contrast	 to	 bulk	 analysis	 which	 instead	 focuses	 on	 the	 distribution	 of	artefacts	by	size	within	the	entire	assemblage	only	as	a	broad	trend,	utilising	nested	sieves.	No	other	artefact	attributes	are	usually	considered	except	size	within	bulk	analysis	(Ahler	1989).	 It	 is	 well	 recognised	 that	 IAA	 analysis	 is	 the	 superior	method	 for	 stone	 artefact	
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studies	as	it	allows	a	much	better	range	of	measurements	and	technological	variables	to	be	studied	(Andrefsky	1998).	 IAA	was	used	 to	record	attributes	 listed	 in	Appendix	2	 for	all	artefacts	collected	in	the	study	area.		There	were	 two	 levels	 of	 detail	 used	 for	 this	 analysis.	 Having	 different	 levels	 allowed	 a	greater	number	of	artefacts	to	be	analysed	and	thus	a	larger	sample	size	to	be	obtained	than	if	only	the	detailed	analysis	level	was	used.	This	meant	that	for	some	aspects	of	analysis,	only	the	more	detailed	subset	of	artefacts	could	be	used.	This	included	the	comparison	made	between	the	knapping	floor	and	sand	dune	site	which	was	done	using	only	the	dune	site	ODX_15546,	as	the	largest	example	of	dune	site	habitation	in	the	study	area.			The	 specific	 attributes	measured	 from	 individual	 artefacts	were	 selected	on	 the	basis	of	their	ability	to	contribute	to	a	quantification	of	stone	reduction.	This	included	the		attributes	of	cortex	cover,	dorsal	scaring	and	artefact	size		that	have	been	demonstrated	from	previous	experimental	knapping	literature	(eg.	Amick	and	Mauldin	1989;	Magne	1989).	A	range	of	flake	 size	measurements	were	 also	 taken,	which	 in	 part,	 assisted	 in	 the	 calculations	 for	cortex	area	analysis	(Dibble	et	al.	2005).			Artefacts	were	measured	using	digital	 callipers	 to	an	accuracy	of	0.01mm.	Artefacts	and	nodules	that	exceeded	the	maximum	calliper	range	of	300mm	were	measured	using	a	tape	measure	to	an	accuracy	of	0.1mm.	Artefact	mass	was	recorded	on	a	laboratory	grade	digital	scale	to	0.01g.	The	artefact	attributes	were	recorded	in	a	relational	database	developed	in	Filemaker	Pro.		The	measurements	had	a	 range	of	different	 applications	 in	 this	 study.	This	 included	 the	analysis	of	knapping	strategies	used	in	the	gibber	plain	knapping	floor	sites	(Chapter	6).	In	Chapter	 8,	 the	 IAA	 measurements	 from	 sand	 dunes	 were	 analysed	 with	 a	 focus	 on	comparing	artefacts	made	of	different	raw	materials	to	understand	their	different	value	and	use	in	the	organisation	of	technology.	The	analysis	in	Chapter	9	also	relied	on	this	data	for	the	comparison	of	the	gibber	plain	knapping	floor	and	sand	dune	quartzite	artefacts	to	test	the	different	procurement	models	that	have	been	posed.			
Refitting	Analysis		Refitting	 analysis	 identifies	 conjoining	 artefacts	 produced	 from	 the	 same	 original	 stone	nodule	and	pieces	them	back	together	like	a	3	dimensional	puzzle	(Cziesla	1990a;	Hofman	1992).	 In	 this	 study	 this	 was	 used	 to	 recreate	 gibber	 plain	 knapping	 floor	 flaked	 stone	
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nodules	 to	study	raw	material	 selection	and	 to	analyse	 the	process	used	by	knappers	 to	make	flakes	(knapping	strategies).			Refitting	 analysis	 was	 undertaken	 with	 a	 sample	 of	 knapping	 floor	 sites.	 These	 were	 a	random	sample	of	the	knapping	floors	collected.	The	process	is	time	consuming	and	largely	trial	and	error	based.	A	product	called	Sellotape	stickydots	was	used	as	a	non-permanent	adhesive	to	secure	conjoing	artefacts.	This	product	was	ideal	for	this	purpose	at	it	provides	a	flat	join	with	a	very	strong	adhesion	which	was	necessary	due	to	the	large	size	and	weight	of	the	knapping	floor	artefacts.			There	is	no	standard	approach	to	analysing	refitted	nodules	or	to	communicate	results	in	the	 literature.	The	 large	majority	of	previous	research	that	has	used	refitting	to	describe	stone	 technology,	 was	 highly	 qualitative.	 This	 work	 presented	 normative	 descriptions,	photographs	 and	 diagrams	 to	 communicate	 results	 (eg.	 Ashton	 2007;	 Cziesla	 1990b;	Kempcke-Richter	1998;	Takakura	2010;	Wychoff	1992).	The	problem	with	this	approach,	is	 that	 it	does	not	allow	quantitative	analysis	 and	application	 to	 research	questions	 that	focus	 on	 variability	 in	 knapping	 strategy.	 One	 of	 the	 few	 examples	 of	 a	 quantitative	approach	to	refitting,	within	a	reduction	methodology,	is	provided	by	Hiscock	(2007a).	This	includes	 an	 analysis	 of	 trajectories	 of	 flake	 attributes	 and	 core	 morphology	 change	throughout	 individual	 reduction	 sequences.	 This	 was	 found	 to	 be	 highly	 useful	 for	identifying	 evidence	 of	 individual	 knapper	 problem	 solving	 throughout	 the	 knapping	process	 (Hiscock	2006b).	This	 is	one	potential	contributor	 to	knapping	strategies	 that	 is	also	 considered	 by	 this	 research	 and	 therefore	 inspiration	was	 taken	 from	 the	 refitting	analysis	methods	used	by	Hiscock	(2007a).			A	quantitative	approach	to	the	analysis	of	refitted	knapping	nodules	was	achieved	for	this	project	 with	 the	 development	 of	 a	 new	 technique	 to	 record	 refitted	 knapping	 floor	sequences.	 This	 describes	 individual	 sequences	 in	 an	 equation	 style	 which	 includes	information	 about	 the	 order	 and	 relationship	 of	 individual	 flakes	 to	 the	 core	 and	 other	flakes,	 the	 timing	 of	 missing	 artefacts	 and	 the	 amount	 of	 core	 rotation	 throughout	 the	process.	 Further	 details	 of	 this	method	 are	 outlined	 in	 Appendix	 4.	 The	 benefits	 of	 this	approach	are	that	it	connects	the	knapping	process	to	the	attributes	of	individual	artefacts	allowing	 for	 quantitative	 analysis.	 This	was	 important	 for	 studying	 standardisation	 and	variability	 in	 individual	 knapping	 strategies.	 Additionally,	 it	 allowed	 the	 core	 reduction	models	previously	described	 in	Table	6	 to	be	 tested	 and	 improved.	This	highlighted	 the	specific	artefact	attributes	most	representative	of	 the	degree	of	core	reduction	and	their	trajectory	 of	 change	 throughout	 the	 knapping	 process.	 These	 specific	 artefact	 attributes	
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were	then	selected	for	the	comparison	with	knapping	floor	and	sand	dune	assemblages	to	compare	their	degree	of	core	reduction	to	test	the	different	procurement	models	posed.		
	
Modelling	Missing	Artefacts	in	Refitted	Nodules	using	3D	Scanning	Artefacts	 that	 were	 missing	 from	 refitted	 assemblages	 present	 as	 voids	 within	 refitted	nodules.	For	an	artefact	to	be	identified	as	missing	it	was	necessary	for	a	reasonable	amount	of	a	stone	nodule	to	be	reconstructed	so	that	it	could	be	determined	that	no	other	artefacts	from	the	site	fit	within	the	voids.	Thus	missing	flakes	are	largely	analysed	from	the	refitted	nodules	 that	 have	 only	 a	 few	 artefacts	 removed	 as	 a	 sample	 of	 selection	 and	 transport	activity.		 		It	was	difficult	to	use	digital	callipers	to	measure	missing	artefacts	within	refitted	nodules.	While	 flake	 length	could	be	measured	 from	 the	negative	 flake	 scar	on	 the	 surface	of	 the	refitted	 nodule,	 other	 attributes,	 particularly	 thickness	 and	 angle	 measurements	 were	impossible	to	obtain	using	this	method.	Traditionally	this	problem	has	been	solved	through	the	use	of	plaster	which	is	poured	into	the	nodule	void	to	make	a	model	of	the	artefact	(Abel	
et	 al.	 2011:879).	 However,	 this	 technique	 is	 messy,	 time	 consuming,	 leaves	 a	 potential	residue	and	is	not	also	possible	if	a	nodule	is	not	completely	water	tight	due	to	other	missing	artefacts	including	microdebitage.	Many	plasters	are	also	prone	to	shrinkage	upon	drying	making	such	techniques	unreliable	for	quantitative	analysis.	 	Therefore,	a	new	technique	was	developed	that	creates	a	3D	model	of	the	missing	flakes	using	a	laser	scanner.	Unlike	a	plaster	cast,	the	virtual	object	can	effectively	be	stored	along	with	the	other	digital	artefact	data.		 		The	3D	scanner	used	for	this	analysis	was	custom	built	for	this	project,	and	integrated	with	commercially	 available	 software.	 This	 was	 done	 as	 a	 complete	 commercial	 setup	 was	prohibitively	expensive	at	the	time	of	this	research.	Details	of	this	scanner	are	provided	in	Appendix	3.		The	 basic	 approach	 to	 modelling	 the	 missing	 artefacts	 from	 refitted	 nodules	 involved	scanning	their	negative	impressions	in	the	refitted	nodule	in	separate	parts,	meshing	the	individual	 scans	 and	 then	 inverting	 the	 results	 to	 form	 a	 positive	 surface.	 The	 models	created	by	this	method	were	then	analysed	and	measured	using	a	combination	of	freeware	software	to	provide	a	similar	set	of	artefact	attributes	as	could	be	obtained	from	physical	artefacts.	This	provided	the	dataset	to	study	the	missing	artefacts	and	to	look	for	evidence	of	 standardised	 morphologies	 and	 preferences	 compared	 to	 artefacts	 that	 were	 not	transported	 and	 remained	 at	 the	 site.	 This	 also	 allowed	 missing	 flakes	 from	 refitted	
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assemblages	to	be	 included	in	the	analysis	of	core	reduction	so	that	the	results	obtained	from	this	analysis	were	not	biased	by	the	absence	of	these	flakes.	This	was	important	both	for	studying	reduction	strategies	and	for	the	refinement	of	the	core	reduction	model	that	was	used	to	compare	the	knapping	floor	and	dune	site	assemblages.	Further	details	of	the	method	used	to	scan	and	measure	missing	artefacts	is	outlined	in	Appendix	4.	The	results	of	this	analysis	are	also	presented	in	Chapter	6.		
Principal	Component	Analysis	of	Knapping	Floor	Assemblages	Principal	 Component	 Analysis	 (PCA)	 was	 used	 to	 look	 for	 idiosyncratic	 markers	 of	individuals	in	the	knapping	floor	sites.	As	previously	discussed,	this	was	one	technique	used	with	the	aim	of	identifying	the	repeated	work	of	individual	knappers	to	assess	the	degree	of	variability	or	standardisation	at	this	level.				There	is	long	history	of	this	type	of	analysis	for	a	variety	of	artefact	types	(Hill	and	Gunn	1977).	 For	 stone	 artefacts	 it	was	previously	 identified	 that	 individual	 artefact	 attributes	analysed	 at	 the	 scale	 of	 the	 assemblage	 may	 identify	 individual	 knappers	 (Gunn	 1975;	Olausson	1998;	Shelley	1990;	Whittaker	1987;	Williams	and	Andrefsky	2011;	Williams	et	
al.	2013b).	The	method	employed	for	the	current	study	was	built	upon	the	experimental	work	by	Williams	and	Andrefsky	(2011)	who	studied	the	debitage	produced	by	knappers	making	multidirectional	cores	and	early	stage	bifaces.	This	particular	approach	was	chosen	as	 it	 provided	 a	 robust	 model	 using	 multiple	 artefact	 attributes	 and	 a	 sophisticated	statistical	 procedure.	 The	 procedure	 was	 also	 developed	 for	 analysing	 core	 reduction	(rather	than	artefact	retouch)	and	therefore	was	relevant	for	the	analysis	of	the	knapping	floors.		PCA	is	a	variable	reduction	technique	that	aims	to	reduce	the	dimensionality	of	a	data	set	to	a	smaller	number	of	artificial	principal	components	whilst	retaining	the	greatest	degree	of	variance	in	the	data	(Jolliffe	2005;	Shennan	1997:226-267).	Williams	and	Andrefsky	(2011)	identified	 the	 attributes	 of	 flake	 maximum	 length,	 width,	 thickness,	 striking	 platform	thickness	and	weight	as	well	as	flake	type	(which	were	categorised	as	angular	shatter,	flake	shatter	and	proximal	 fragment)	as	distinctly	variable	between	the	different	knappers	for	multidirectional	cores.		 		For	 this	 project,	 PCA	was	 used	 to	 analyse	 the	 artefacts	 from	 a	 sample	 of	 refitted	 stone	nodules	from	the	knapping	floors.	The	selection	of	these	sites	are	discussed	in	Chapter	6	as	they	 were	 chosen	 as	 a	 result	 of	 the	 refitting	 analysis	 to	 ensure	 that	 the	 application	 of	different	core	reduction	strategies	was	not	the	primary	source	of	variability.	Similar	artefact	
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attributes	as	used	by	Williams	and	Andrefsky	 (2011)	were	selected	with	some	variation	based	upon	the	different	methods	used	to	measure	artefacts	and	classify	flakes.	Therefore,	for	this	analysis,	flake	percussive	length,	percussive	width,	percussive	thickness,	weight	and	striking	platform	width	were	used.			The	 mean	 values	 of	 each	 variable	 were	 first	 calculated	 and	 converted	 to	 z-scores	 for	comparison.	 These	 values	 were	 then	 analysed	 using	 PCA,	 restricting	 the	 number	 of	components	 to	 two.	The	 two	principal	 component	 scores	of	 each	 assemblage	were	 then	plotted	in	a	scatter	plot.	While	the	interpretation	of	the	results	is	somewhat	subjective,	the	method	is	based	on	the	experimental	observation	by	Williams	and	Andrefsky	(2011),	that	the	PCA	scores	of	assemblages	created	by	the	same	knappers	were	more	similar	than	those	produced	by	other	knappers.	The	results	of	this	analysis	are	presented	in	Chapter	6.		
Cortex	Surface	Area	Analysis	An	analytical	method	for	assessing	total	cortex	surface	area	of	assemblages	was	developed	by	Dibble	et	al.	(2005).	It	is	based	from	a	series	of	knapping	experiments	and	has	since	been	assessed	with	further	experiments	and	archaeological	application	by	Douglass	et	al.	(2008).	This	method	is	based	on	solid	geometry	and	provides	a	quantitative	approach	to	assessing	the	completeness	of	artefact	assemblages.	A	theoretical	‘complete’	artefact	assemblage	is	a	primary	deposit	created	by	the	reduction	of	one	or	more	nodules	in	which	no	artefacts	are	removed.	This	method	has	a	clear	application	for	identifying	the	transportation	of	artefacts	(Dibble	 et	 al.	 2005;	 Douglass	 et	 al.	 2008),	 which	 is	 important	 for	 understanding	 the	organisation	of	 technology	 in	 the	 study	area	and	 if	 gibber	plain	knapping	 floor	artefacts	were	transported	to	the	nearby	dune	sites.	Therefore,	this	method	was	used	to	compare	the	knapping	floor	and	sand	dune	assemblages.	The	following	was	the	procedure	used:		The	total	cortex	surface	area	contained	within	the	artefact	assemblages	on	both	flakes	and	cores	were	measured.	The	number	of	nodules	that	were	flaked	in	the	assemblage	was	then	estimated	 by	 the	 number	 of	 cores	 present.	 A	 theoretical	 mean	 nodule	 size	 was	 then	calculated	by	the	total	assemblage	volume	divided	by	the	estimated	number	of	nodules.	The	surface	 area	 of	 this	 theoretical	mean	 nodule	was	 then	 calculated	 and	multiplied	 by	 the	number	of	estimated	nodules.	This	provided	a	value	for	the	amount	of	cortex	that	would	be	expected	if	no	artefacts	were	removed	from	the	assemblage.	A	cortex	area	ratio	(CAR)	was	then	 calculated	 by	 dividing	 the	 amount	 of	 cortex	 measured	 from	 the	 artefacts	 by	 the	predicted	amount.	Further	details	of	the	calculations	used	for	this	analysis	are	outlined	in	Appendix	4.		
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Interpreting	Cortex	Area	Ratios	Cortex	 area	 ratios	 (CAR)	 provide	 an	 indication	 where	 artefacts	 are	 ‘missing’	 from	 an	assemblage	 (Dibble	 et	 al.	 2005;	 Douglass	 et	 al.	 2008).	 In	 a	 situation	 where	 a	 nodule	 is	knapped	 and	 all	 artefacts	 remain	 in	 situ	 the	 CAR	 would	 be	 zero.	 This	 is	 because	 the	estimated	cortex	area	of	the	original	nodule	would	be	the	same	as	the	actual	cortex	area	of	all	the	artefacts	combined.	However,	where	artefacts	are	removed	from	the	assemblage	for	transportation	 elsewhere,	 this	 will	 either	 make	 the	 CAR	 a	 value	 above	 or	 below	 1,	depending	 on	 whether	 cortical	 or	 non-cortical	 flakes	 or	 cores	 are	 removed.	 Likewise,	secondary	 deposits	 of	 artefacts	where	 some	 artefacts	 remain	will	 have	 CAR	 values	well	below	 zero.	 Assemblages	 produced	 by	 secondary	 reduction	 of	 already	 partially	 reduced	cores	will	also	have	CAR	values	below	zero.	Combined	with	an	analysis	of	reduction,	this	technique	is	thus	a	powerful	tool	to	highlight	where	artefact	transport	is	a	likely	factor	of	an	organisational	strategy	and	therefore	useful	for	the	dune	site	and	gibber	plain	knapping	floor	comparison.	The	results	of	the	cortex	area	analysis	and	comparison	of	the	gibber	plain	knapping	floor	and	sand	dune	site	is	presented	in	Chapter	9.		
Methods	Used	for	Spatial	Analysis	Spatial	 analysis	 was	 conducted	 in	 two	 different	 scales	 in	 this	 thesis.	 Intra-site	 spatial	patterning	 of	 experimentally	 produced	 models	 to	 study	 site	 formation	 processes	 of	knapping	 floor	 sites	was	undertaken	and	 is	presented	 in	Chapter	5.	The	models	 created	from	this	analysis	were	then	applied	to	the	archaeological	knapping	floor	sites	for	spatial	analysis	which	 is	presented	 in	Chapter	7.	A	 landscape	scale	analysis	was	also	conducted	examining	the	entire	study	area	and	the	spatial	relationships	between	sites	and	landforms.	The	results	of	this	analysis	are	provided	in	Chapter	9	which	focuses	on	testing	the	direct	and	 embedded	 procurement	mode	models	 for	 knapping	 floor	 sites	 with	 a	 cost-benefits	analysis.	This	compares	 the	relative	distance	of	knapping	 floors	 from	dune	sites	and	 the	gibber	plain	characteristics.			The	range	of	spatial	analyses	conducted	for	this	study	use	a	geographic	information	system	(GIS).	This	was	done	with	ESRI	ArcGIS	9.3	by	creating	a	spatial	database	that	integrated	the	HEHODAP	 survey	 data	 for	 site	 location,	 individual	 artefact	 locations	 for	 piece	 plotted	knapping	 floors,	 landscape	survey	data	and	artefact	attributes.	Many	simple	 tools	within	ArcGIS	 were	 used,	 such	 as	 the	 measurement	 of	 distances	 between	 sites	 and	 landscape	features.	In	addition,	some	of	the	more	complex	spatial	statistics	and	analysis	tools	that	are	packaged	 with	 ArcGIS	 9.3	 were	 also	 used	 for	 a	 variety	 of	 applications	 in	 this	 thesis	 as	described	in	the	next	section.		
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Nearest	Neighbour	Interpolation	Nearest	 neighbour	 interpolation	 is	 a	 resampling	 technique	 that	 was	 used	 to	 transform	spatial	 information	collected	as	point	 locations,	 into	a	 raster	dataset.	Primarily,	 this	was	used	to	produce	a	map	of	the	distribution	of	quartzite	material	by	size,	in	the	gibber	plain	from	the	surficial	geology	survey	that	has	been	previously	described.			The	nearest	neighbour	technique	selects	a	single	attribute	from	the	point	dataset	(in	this	instance,	the	size	of	the	largest	available	quartzite	nodule)	which	informs	the	value	of	the	raster	cells	(Parker	et	al.	1983).	A	cell	size	for	the	raster	produced	was	chosen	based	on	the	recommendations	of	the	ArcGIS	nearest	neighbour	interpolation	tool,	which	automatically	assessed	suitability	based	on	the	density	and	spacing	of	the	point	datasets.	The	value	of	each	raster	cell	was	then	calculated	by	ArcGIS	automatically	as	an	average	of	 intersecting	and	nearby	 point	 data	 (ERSI	 ArcGIS	 2016a).	 The	 raster	 layer	 produced	 was	 then	 used	 to	visualise	the	distribution	of	quartzite	nodules	by	size	in	the	analysis	of	knapping	floor	site	location.			The	raster	maps	produced	were	used	for	quantitative	analysis,	with	the	extraction	of	cell	values	(available	quartzite	nodule	size)	to	the	gibber	plain	knapping	floor	survey	database	(which	was	in	point	data	form).	This	enabled	the	size	of	available	material	to	be	predicted	for	any	location	in	the	gibber	plain.	This	was	used	to	test	the	procurement	models	and	the	hypothesis	is	that	more	distant	knapping	floors	may	have	had	access	to	larger	gibber	stone	material.		
	
Area	Calculation	with	Bounding	Boxes	The	areas	of	individual	knapping	floor	sites	presented	in	Chapter	6	and	experimental	sites	in	Chapter	5	were	calculated	using	a	bounding	box	tool.	This	tool	is	provided	as	part	of	the	ESERI	 ArcGIS	 9.3	 package.	 It	 outputs	 a	 polygon	 which	 encompasses	 all	 data	 points	(artefacts)	and	an	area	measurement	of	this	polygon.	This	was	used	as	it	is	a	more	accurate	measure	of	area	than	other	methods	such	a	simple	grid	square.	This	level	of	accuracy	was	highly	important	in	this	study,	particularly	for	applications	such	as	measuring	the	amount	of	site	area	change	over	the	course	of	the	taphonomic	experiments	discussed	in	Chapter	5.			
	
Measuring	Artefact	Clustering	The	degree	of	artefact	clustering	was	an	important	spatial	measurement	for	modelling	the	spatial	patterns	produced	by	individual	knappers	and	for	assessing	site	preservation	of	the	archaeological	 knapping	 floors.	 Mean	 radius	 of	 individual	 artefacts	 from	 the	 scatter	
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centroid	is	a	quantitative	measure	of	the	degree	of	clustering	that	has	proven	successful	in	the	analysis	of	knapping	floors	previously	(Barton	and	Bergman	1982).	This	same	method	was	applied	in	this	study.	Tools	for	calculation	of	the	centroid	of	a	point	dataset	are	provided	by	ArcGIS.	This	is	simply	the	statistical	centre	point	of	the	area	covered	by	a	point	dataset,	which	for	this	study	were	individual	artefacts	within	each	knapping	feature.	The	distance	of	artefact	from	the	feature	centroid	was	then	calculated	as	well	as	the	combined	feature/site	mean	of	these	values	which	was	used	a	measurement	of	clustering.			
Hot	Spot	Analysis	Hot	 spot	 analysis	 was	 a	 spatial	 technique	 used	 to	 quantitatively	 separate	 the	 most	concentrated	area	of	a	knapping	feature	that	was	created	directly	in	front	of	the	knapper.	This	 was	 undertaken	 as	 part	 of	 the	 experimental	 modelling	 of	 knapping	 stance	 and	handedness	 in	Chapter	5.	This	approach	was	 inspired	by	Schick	 (1986),	whose	previous	experimental	work	 suggested	 the	 area	 of	 this	 concentration	may	 be	 related	 to	 knapper	stance.	In	this	previous	work,	Schick	simply	eyeballed	the	concentrated	area	and	included	75%	of	the	total	number	of	artefacts	as	a	cut-off.	This	approach	is	however	highly	subject	to	variability	produced	by	the	observer	and	the	percentage	of	artefacts	overly	arbitrary.		The	following	analysis	was	used	to	improve	the	method	by	utilising	GIS	technology.	
	For	this	analysis	the	‘hotspot	anlaysis	tool’	provided	by	ArcGIS	9.3	was	used	to	isolate	the	area	of	highest	artefact	density.	This	tool	uses	a	Getis-Ord	Gi*	statistic	(Ord	and	Getis	1995).	This	calculates	a	z-score	and	p-score	for	areas.	The	cluster	or	‘hotspot’	is	defined	as	the	area	with	the	highest	z-scores	with	a	significant	p-score	(<0.05).	
	ArcGIS	9.3	only	allows	the	identification	of	hot	spots	with	weighted	data.	The	experimental	knapping	 datasets	 represent	 incidence	 data	 with	 the	 density	 of	 artefacts	 being	 the	 key	attribute	 of	 importance.	 Data	 processing	was	 therefore	 required	 before	 a	 Getis-Ord	 Gi*	hotspot	analysis	could	be	completed	which	involved	aggregating	the	incident	data.	Firstly	a	fine	 fishnet	 was	 created	 over	 the	 map	 which	 was	 a	 grid	 of	 polylines.	 These	 were	 then	converted	to	a	series	of	square	polygons	with	each	polygon	acting	like	a	cell	in	the	grid.	The	number	 of	 artefacts	 within	 each	 polygon	 was	 counted	 (using	 Hath’s	 Tools)	 and	 this	information	attached	to	the	polygon	attribute	table.	This	polygon	file	was	then	analysed	by	the	 Hotspot	 Analysis	 Getis-Ord	 Gi*	 tool	 using	 the	 number	 of	 artefacts	 in	 each	 polygon	variable	as	the	weighting.	It	should	be	noted	that	the	more	recent	version	ArcGIS	10	has	created	a	tool	to	automate	this	process	(Optimised	Hotspot	Analysis)	but	this	program	was	not	available	at	the	time	of	the	analysis.	Areas	of	high	z-values	with	a	p-value	less	than	0.05	identify	 the	 cluster	 and	 this	 was	 mapped	 graphically	 for	 easy	 visualisation.	 From	 this,	
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artefacts	within	the	hotspot	were	selected	and	a	bounding	box	used	to	calculate	area	and	density.	 Density	 analysis	 of	 these	 hotspots	 is	 further	 outlined	 in	 Appendix	 4	 with	 the	calculation	of	a	normalised	density	value.		
	
Analysis	of	Size	Sorting	The	 spatial	 analysis	 of	 artefact	 sorting	 formed	 a	 component	 of	 the	 intra-site	 spatial	modelling	of	 individual	knapper	stance	presented	 in	Chapter	5.	These	models	were	 then	applied	to	archaeological	examples	in	Chapter	7.		This	technique	modelled	patterning	in	the	spatial	 distribution	 of	 artefacts	 by	 their	 size.	 Artefacts	 both	 experimentally	 and	archaeologically	were	assigned	to	one	of	three	weight	classes:		 Class	1:	<4.99g	Class	2:	5.0g	=	49.99g	Class	3:	≥50g		These	specific	weight	classes	were	selected	as	they	are	a	rough	equal	division	of	the	range	of	artefact	weights	represented	in	experimental	knapping	(Chapter	5)	and	in	the	archaeological	knapping	floors.	To	study	the	distribution	of	artefacts	within	each	weight	class,	the	distance	of	each	artefact	from	the	knapping	floor	centroid	was	calculated	in	ArcGIS.	Histograms	were	then	produced	of	artefact	frequency	by	distance	divided	into	the	relevant	weight	classes.				
Directional	Distribution	Analysis	Directional	distribution	analysis	was	used	to	analyse	directionality	of	artefacts	distributed	within	knapping	features	in	Chapters	5	and	7.	This	was	primarily	done	to	associate	spatial	patterning	with	knapper	handedness,	which	was	previously	identified	to	be	related	to	this	spatial	 attribute	 in	 previous	 experimental	 work	 (Newcomer	 and	 Sieveking	 1980)	 and	ethnographic	observations	(Hiscock	2005a).	This	formed	part	of	the	site	formation	analysis	of	 the	 knapping	 floor	 sites	 to	 examine	 the	 degree	 that	 high-resolution	 of	 individual	knapping	events	were	reflected	in	the	spatial	patterning	of	sites	and	in	the	archaeological	knapping	 floors.	 	 Additionally,	 this	 same	 spatial	 technique	 was	 used	 to	 analyse	 the	distribution	of	knapping	floor	sites	within	the	study	area	gibber	plain.	This	was	a	part	of	the	analysis	of	procurement	and	to	explore	potential	reasons	for	the	location	of	knapping	floors	at	 distant	 locations	 from	 sand	 dune	 sites.	 It	 was	 used	 to	 test	 if	 there	 was	 a	 statistical	alignment	to	the	distribution	of	knapping	sites	that	may	correspond	with	a	pathway	across	the	gibber	plain	and	an	alignment	to	the	location	of	key	landmarks	in	the	study	area.	The	result	of	this	analysis	are	discussed	in	Chapter	9.		
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		The	method	used	to	assess	the	degree	of	directional	distribution	in	both	of	these	datasets	was	 the	 ‘directional	 distribution	 standard	 deviational	 ellipse’	 tool	 in	 ArcGIS	 9.3	 (ERSI	ArcGIS	 2016b).	 This	 approach	 creates	 an	 ellipse	 around	 the	 dataset	 that	 incorporates	 a	percentage	of	the	data.	For	this	analysis	two	standard	deviations	were	used	which	therefore	includes	95%	of	the	data	points	(either	sites	or	artefacts).	The	degree	of	directionality	to	the	data	is	then	assessed	as	a	ratio	of	the	length	and	width	of	the	ellipse.	Where	both	of	these	values	are	similar,	then	there	is	no	directionality	to	the	data.	For	data	that	was	directional,	the	long	axis	of	the	ellipse	was	used	to	indicate	the	alignment	of	the	points.	For	the	study	of	intra-site	spatial	patterns,	 	directional	alignment	was	compared	to	the	 location	of	 the	main	cluster	of	artefacts	to	model	the	influence	of	knapper	handedness	in	Chapter	5.	In	the	analysis	 of	 knapping	 floor	 site	 distribution	 in	 the	 study	 area	 gibber	 plain,	 directional	alignment	was	 compared	 to	 the	 location	 of	 the	 largest	 sand	 dune	 sites	 to	 interpret	 the	underlying	 procurement	 behaviours	 and	 directional	 movement	 of	 people	 through	 the	landscape.		The	results	of	this	analysis	are	provided	in	Chapter	9.	
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5	|	Modelling	Site	Formation	Processes	
of	Gibber	Plain	Knapping	Floors	
	This	chapter	presents	the	results	of	modelling	the	site	formation	process	that	produce	gibber	plain	knapping	floors.	It	contributes	to	meeting	the	second	research	aim	of	this	investigation:	to	explore	the	research	potential	of	knapping	floor	sites	for	high-resolution	research	into	individual	knapping	events	and	knappers.	This	is	done	by	analysing	the	stability	of	the	gibber	plain	environment	and	modelling	the	depositional	patterning	of	artefacts	produced	by	the	specific	individual	knapping	strategies/biodynamics	of	different	forms	of	knapper	stance	and	handedness.				The	results	and	modelling	in	this	chapter	are	then	applied	to	interpret	the	specific	intra-site	spatial	patterning	of	the	study	area	knapping	floors,	described	in	Chapter	7.	In	addition	to	producing	interpretive	models	which	are	used	to	gain	a	deeper	understanding	of	how	stone	artefacts	were	made	in	the	study	area,	these	results	contribute	insights	that	have	general	application	to	the	geomorphology	and	archaeology	of	gibber	plains/desert	pavements	and	for	interpreting	spatial	patterning	of	knapping	floors.			
Post-Depositional	 Site	 Formation	 Processes	 in	 Gibber	 Plain	
Environments	
	Natural	 or	 cultural	 post-depositional	 processes	 are	 events	 or	 ongoing	 occurrences	 that	impact	archaeological	sites	after	they	were	first	created	by	human	activity.	The	following	analysis	aims	to	understand	these	processes	as	they	occur	 in	gibber	plain	environments,	and	in	the	study	area	and	at	its	knapping	floor	sites	specifically.	The	enquiry	begins	with	a	literature-based	 review	 of	 desert	 pavement/gibber	 plain	 geomorphic	 processes	 with	 a	consideration	of	how	these	may	impact	archaeological	sites.	Observations	in	the	study	area	gibber	plain,	relevant	to	these	processes	are	then	described.		The	results	of	the	taphonomic	analysis	of	five	excavated	knapping	floor	sites	from	the	gibber	plain	are	presented.	This	analysis	focuses	on	the	orientation	of	artefacts	and	the	degree	of	site	 burial	 of	 artefact	 clusters	 in	 different	 gibber	 plain	 contexts.	 Secondly	 gibber	 plain	sediments	from	those	sites	are	analysed	with	a	focus	on	the	identification	of	microdebitage,	
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to	 identify	 the	 roles	 of	 sedimentation	 and	 erosion	 on	 the	 sites.	 The	 last	 aspect	 of	 this	taphonomic	 analysis	 is	 the	 series	 of	 simulated	 experiments	 described	 in	 Chapter	 4.	 The	results	of	those	experiments	are	presented	with	a	focus	on	correlating	the	degree	of	artefact	movement	with	various	factors	that	may	have	greater	or	less	influence	in	determining	the	spatial	patterning	of	the	resulting	sites.				
Potential	Post-Depositional	Processes	on	Desert	Pavement	Sites	 Identified	 in	
the	Literature			Gibber	formation	in	central	Australia	has	been	dated	to	at	2-4Ma	ago	and	is	associated	with	a	time	of	increased	aridity	and	global	cooling	(Fujioka	et	al.	2005).	Gibber	is	the	Australian	word	 (derived	 from	 Aboriginal	 language)	 for	 a	 desert	 pavement	 which	 is	 a	 landform	common	to	most	of	the	world’s	deserts.	Although	the	Australian	gibber	plains	formed	well	before	human	occupation	of	the	continent,	some	of	the	environmental	processes	that	result	in	 the	 formation	of	stony	deserts	are	ongoing,	and	are	 important	 for	maintenance	of	 the	gibber	 pavement	 and	 its	 associated	 micro-environments.	 It	 is	 therefore	 important	 to	consider	 these	 geomorphic	 processes	 and	 their	 possible	 taphonomic	 impacts	 on	archaeological	sites.	For	this	reason,	literature	on	desert	pavement	formation	and	surface	maintenance	processes	 is	reviewed,	the	 implications	of	which	can	then	be	applied	to	the	study	area	knapping	floors.			
Aeolian	Deflation	Aeolian	processes	play	an	important	and	dynamic	role	in	desert	geomorphology	as	evident	in	desert	sand	dunes	(Hughes	et	al.	2014b).	Deflation	caused	by	wind	(aeolian)	erosion	of	sediment	is	one	of	the	most	cited	and	oldest	theories	of	pavement	development	(eg.	Cooke	and	Warren	1973;	Ollier	1961;	Ritter	1986).	This	posits	that	pavements	form	through	the	concentration	of	rocks	as	a	 lag	surface	after	 the	removal	of	 finer	sediments	by	the	wind.	While	this	process	would	have	occurred	long	before	Aboriginal	occupation	wind	dynamics	are	an	ongoing	phenomenon	and	may	impact	archaeological	sites.		Wind	 erosion	 differentially	 impacts	 material	 by	 size.	 Sand	 sized	 particles	 (~1mm)	 and	below	(Tchakerian	1999)	are	light	enough	for	wind	to	transport.	Aeolian	transported	clasts	could	conceivably	include	some	microdebitage	fragments.	In	addition	it	may	be	possible	for	wind	 to	 move	 flakes	 smaller	 than	 10mm	 from	 their	 original	 position	 due	 to	 their	aerodynamic	shape	(Lancaster	1986).		
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A	full	desert	pavement	stony	cover	however	is	more	likely	to	offer	protection	for	artefacts	and	 sites	 from	 aeolian	 processes.	 It	 has	 been	 shown	 that	 where	 surfaces	 have	 a	 rock	coverage	above	50%	or	there	is	vegetation,	that	the	impact	of	wind	on	sediments	is	minimal	(Cooke	1970:570).	This	would	also	apply	to	archaeological	sites,	artefacts	and	potentially	even	to	microdebitage.			
	
Fluvial	Erosion	and	the	Impact	of	Rain	Events	Erosion	by	fluvial	processes	is	similar	in	concept	to	aeolian	erosion	as	fine	sediment	may	be	removed	to	leave	a	lag	of	gibber	stones.	Wash	will	occur	only	where	a	desert	surface	has	at	least	 a	 slight	 slope	 (eg.	 Sharon	 1962).	 On	 appreciably	 sloping	 surfaces	 this	 has	 been	demonstrated	to	be	the	dominant	process	of	concentrating	pavement	rocks.	However	as	in	wind	erosion	a	higher	percentage	of	stone	cover	and	larger	pavement	clasts	decreases	this	erosion	(Abrahams	et	al.	2000;	Abrahams	et	al.	1998).				The	effect	of	water	from	rain	events	softening	the	ground	surface	may	also	have	an	impact	on	sites.	When	a	desert	pavement	is	wet	the	underlying	clayey	regolith	commonly	becomes	soft	and	spongy	and	in	instances	where	swelling	clays	are	present	it	expands.	When	it	dries	the	regolith	becomes	firm	and	may	shrink,	embedding	the	surface	rocks	in	a	tight	mosaic	(Mabbutt	1977:128).			Where	desert	 clasts	are	 flaggy	 in	 their	morphology,	 they	normally	 lie	 flat	on	 the	ground	surface.	In	an	experiment	in	the	Death	Valley,	USA,	areas	of	desert	pavement	were	disturbed	by	human	activity.	During	a	five-year	period,	the	pavement	was	observed	correcting	itself,	returning	to	a	state	of	minimum	energy	as	the	upturned	stones	redistributed	themselves	during	wet	periods	so	that	they	were	again	flat-lying	(Haff	2001).			Stone	flakes	generally	are	similarly	flat	in	shape	but	it	is	unusual	if	during	knapping	all	the	debitage	falls	flat	onto	the	ground.	It	is	therefore	likely	that	the	same	processes	which	cause	the	gibber	rocks	 to	move	 into	a	 lower	energy	 flat-lying	state,	 could	over	 time	also	affect	artefacts	in	knapping	floors.			
Gilgai	and	Patterned	Ground	Gilgai	are	small	waterholes	commonly	called	‘crabholes’	that	occur	in	vertisols	(soils	with	a	high	content	of	swelling	clays)(Figure	25).	They	are	particularly	widespread	 in	Australia	including	in	gibber	plains	(Hughes	and	Sullivan	2004;	Mabbutt	1977;	Twidale	1972).	These	features	occur	due	to	volume	changes	in	the	soil	with	moisture	(Twidale	1972).	The	clay	
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lattices	swell	during	wet	periods	and	contract	when	dry	forming	a	deeply	cracked	surface.	This	 process	 churns	 the	 surface	 both	 burying	 and	 uplifting	 stone	within	 the	 gilgai.	 This	would	have	a	devastating	effect	on	the	spatial	patterning	of	archaeological	sites	which	were	formed	within	a	gilgai	hollow	or	depression,	and	could	potentially	bury	such	sites			There	are	two	main	types	of	gilgai	associated	with	flat	and	sloping	surfaces,	which	would	have	a	different	potential	impact	on	archaeological	sites.	The	first	of	these,	stepped	gilgai,	form	on	sloping	surfaces	0.5o	to	60o	with	the	typical	step	and	hollow	features	aligning	along	the	slope	contours.	These	gilgai	commonly	migrate	up	and	down	the	ground	slope	(Dixon	1994;	Mabbutt	 1963)	moving	 rocks	 and	 so	 potentially,	 archaeological	 sites.	 In	 contrast,	circular	gilgai	 form	on	 flatter	 terrain	and	are	relatively	stable	 in	 their	position.	They	are	characterised	by	a	hollow	or	depression	surrounded	by	a	raised	ring	of	dense	stone	cover	(Mabbutt	1963).			
	Figure	25:	Gilgai	in	cross-section	(Mabbutt	1977:133)		These	 vertisol	 processes	 have	 interesting	 implications	 for	 archaeological	 site	 formation.	Where	 artefact	 scatters	 are	 located	 within	 active	 gilgai	 there	 is	 a	 high	 likelihood	 of	movement.	It	is	possible	that	artefacts	knapped	within	a	gilgai	crabhole	could	be	displaced	as	 far	as	 the	gilgai	rock	mound	or	rim	through	the	same	processes	that	move	the	gibber	rocks.	It	is	clear	that	distinguishing	between	circular	and	stepped	gilgai	is	also	important	for	 modelling	 site	 taphonomy.	 Archaeological	 sites	 that	 are	 distant	 from	 circular	 gilgai	should	be	protected	from	their	actions.	However,	stepped	gilgai	can	shift	location	and	thus	where	 they	 occur,	 these	 linear	 gilgai	may	have	 a	 greater	 impact	 on	 archaeological	 sites,	including	sites	not	currently	located	immediately	adjacent	to	the	gilgai.	
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Vegetation	Growth	Desert	pavements	are	sometimes	described	as	vegetation-free	(Laity	2009:162)	although	this	is	rarely	the	case	if	very	low	vegetation	is	considered.	Vegetation	undoubtedly	has	some	effect	on	desert	pavement	stability.	Vegetation	growth	has	been	assumed	to	disturb	desert	pavements,	overturning	and	burying	surface	rocks	in	the	upper	layers	of	sediment	(Quade	2001).	 The	 degree	 that	 bioturbation	 occurs	 is	 probably	 determined	 by	 the	 type	 of	vegetation	present.	Haff	(2001)	noted	that	the	seasonal	vegetation	at	his	research	site	in	the	Death	Valley,	USA	was	too	small	to	cause	this	movement.	These	plants	included	Oligomeris	and	Plantago.	Oligomeris	in	particular	is	a	small	flowering	shrub	that	grows	to	a	height	of	about	45cm	(Baldwin	et	al.	2012).	This	is	a	similar	sized	plant	to	the	shrubby	(chenopod-dominated)	vegetation	in	the	gibbers	of	the	Roxby	dunefield.		
	Figure	26:	Mounded	sediment	around	vegetation	in	pavements	(from	Parsons	et	al.	1992)		However	as	previously	observed	vegetation	 can	also	protect	desert	pavements	 from	 the	effects	of	wind	and	wash	erosion	(Parsons	et	al.	1992).	Sediment	washed	or	blown	across	the	 stony	 surfaces	 may	 accumulate	 around	 shrubby	 vegetation	 (Wainwright	 et	 al.	1995)(Figure	26),	and	this	has	the	potential	to	bury	archaeological	sites		
Animal	Disturbance	Bioturbation	from	animals	attracted	to	vegetation	growing	in	desert	pavements	may	cause	some	 disturbance.	 These	 animals	 are	 considered	 part	 of	 the	 process	 that	 actually	 heals	pavements	 after	 disturbance	 along	with	 creep	 during	 rain	 periods	 (Haff	 2001;	Haff	 and	Werner	1996).	In	the	Roxby	dunefield,	native	animals	which	use	the	gibber	as	part	of	their	habitat	 and	 are	 large	 enough	 to	 potentially	 cause	 scuffing	 disturbance	 include	 goannas,	kangaroos,	emus	and	several	small	marsupial	rats.	Historically	until	mining	infrastructure	took	over	pastoral	land,	and	stock	were	excluded	from	the	Application	Area,	there	has	been	
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low-intensity	 cattle	grazing	 throughout	 the	Roxby	dunefield.	 It	 appears	nevertheless	 the	high	level	of	stone	clast	coverage	has	restricted	the	degree	of	artefact	movement	through	animal	scuffing	on	these	gibber	plains.			
Cultural	Disturbance	 	Impacts	from	human	activity	are	also	likely	to	be	a	factor	impacting	the	archaeological	sites.	This	is	unique	to	the	specific	area	so	is	discussed	specifically	for	the	Roxby	dunefield	region.	The	Roxby	dunefield	was	the	focus	of	pastoral	grazing	since	the	1870s	(Sullivan	et	al.	2012a)	and	the	study	area	in	particular	features	a	dam	in	the	north,	with	drainage	channels	and	associated	wing-banks,	cut	along	natural	drainage	zones	that	led	to	a	canegrass	swamp,	and	a	few	access	tracks.	This	pastoral	activity	and	a	substantial	decrease	in	vegetation	with	the	introduction	of	rabbits,	resulted	in	the	mobilisation	and	redeposition	of	a	500mm	layer	of	sand	on	the	dune	blowout	rims	(Sullivan	et	al.	2012a).	It	is	unclear	if	this	deposition	may	also	have	had	any	impact	on	the	gibber	plains,	however	there	are	very	few	sand	hummocks	around	vegetation,	and	no	sand	splays	on	the	gibber	plains,	which	have	apparently	been	maintained	by	the	ongoing	aeolian	processes	that	sweep	the	stony	surfaces	clear	of	sand	and	deposit	sand	on	the	dunes.				Historical	artefact	collecting	is	an	additional	possible	cultural	impact.	Prior	to	the	protection	of	Aboriginal	heritage	in	1960s,	 ‘fossicking’	 for	Aboriginal	stone	artefacts	was	an	activity	practiced	without	regulation	throughout	South	Australia	(Wiltshire	and	Wallis	2008).	This	is	 likely	 to	 be	 a	 greater	 factor	 in	 disturbing	 highly	 visible	 sites	 with	 more	 formalised	retouched	artefact	types	(points,	tulas	etc)	than	on	the	more	cryptic	gibber	knapping	sites.	It	 is	unlikely	that	the	gibber	plain	knapping	floors	have	been	impacted	to	an	appreciable	extent	 by	 historical	 artefact	 collecting	 as	 they	 are	 small	 sites,	most	 are	 far	 from	 vehicle	tracks,	 and	 they	 contain	 mainly	 unretouched	 flakes	 and	 cores	 which	 would	 be	 of	 low	interest	to	collectors	and	more	difficult	for	them	to	identify	as	artefactual.			Prehistoric	 post-depositional	 scavenging	 by	 Aboriginal	 people	 however	 is	 a	more	 likely	impact	on	the	Roxby	dunefield	knapping	floor	sites.	There	are	ethnographic	records	of	this	type	 of	 activity	 featured	 in	 other	 areas	 of	 Australia	 as	 part	 of	 artefact	 procurement	strategies	(Hayden	1979;	1965).	This	is	possibly	a	larger	factor	for	knapping	sites	close	to	major	 dune	 habitation	 sites.	 Holdaway	 and	 Douglass	 (2012)	 has	 pointed	 out	 that	 post-depositional	scavenging	means	that	the	artefacts	transported	from	knapping	sites	were	not	necessarily	selected	and	transported	synchronically	to	the	knapping	event.			
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Previous	Archaeological	Considerations	of	Site	Taphonomy	in	Desert	Pavement	
Environments		The	following	paragraphs	review	global	perspectives	on	site	taphonomy	and	preservation	in	desert	pavement	contexts.	It	has	been	recognised	that	geomorphic	context	is	critical	for	any	 archaeological	 study	 of	 desert	 pavements	 (Adelsberger	 and	 Smith	 2009;	Wood	 and	Johnson	 1978).	 Such	 studies	 provide	 keys	 to	 understanding	 whether	 subsurface	archaeological	 materials	 exist,	 interpreting	 the	 spatial	 integrity	 of	 surface	 sites,	 and	determining	the	stratigraphic	context	for	subsurface	sites.			There	are	two	studies	which	have	argued	the	potential	for	site	burial	or	subsurface	deposits	in	desert	pavement	environments.	Wood	and	 Johnson	(1978)	 identified	 the	 fact	 that	 the	contracting	 and	 expanding	 clays	 in	 these	 environments	 could	 potentially	 bury	 artefacts	(Figure	27).	This	process	would	occur	if	an	artefact	fell	down	cracks	in	dry	clayey	sediments	in	gilgai	depressions.	Johnson	and	Hester	(1972)	appears	to	have	found	an	example	of	this	where	artefacts	were	found	during	excavation.			
	Figure	27:	How	artefacts	could	move	subsurface	in	desert	vertisols	(from	Wood	and	Johnson	1978:357)		In	a	contrasting	setting	it	has	been	argued	that	desert	pavements	confer	an	unusually	high	level	of	protection	 for	surface	archaeological	sites.	This	 is	based	on	the	work	 in	a	desert	pavement	in	Egypt	which	contains	multiple	knapping	floors	(Adelsberger	and	Smith	2009;	Chiotti	et	al.	2007;	Olszewski	et	al.	2005).	Based	on	the	work	by	Haff	and	Werner	(1996)	documenting	pavement	healing	processes	Olszewski	et	al.	(2005)	argue	that	sites	are	intact	on	the	metre	scale.	They	suggest	future	work	should	examine	the	relationship	between	clast	
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cover	 and	 artefact	 movement	 as	 well	 as	 other	 factors	 that	 may	 determine	 the	 spatial	stability	of	sites.	They	noted	that	they	started	a	series	of	experiments	in	the	Egyptian	desert	to	 record	 the	 movement	 of	 artefacts	 over	 time.	 Unfortunately,	 the	 results	 of	 these	experiments	were	never	available	as	the	experimental	sites	were	destroyed	by	local	people	near	the	end	of	the	experiment	(Olszewski	pers.	comm.	2012).			Overall	the	archaeological	and	geomorphic	literature	has	highlighted	both	a	high	potential	for	site	preservation	in	desert	pavement	environments	as	well	as	possible	negative	impacts,	particularly	 around	 active	 gilgai.	 Archaeological	 consideration	 of	 this	 environmental	context	however,	is	very	much	in	its	infancy	and	further	work	is	needed	with	a	specific	focus	on	site	taphonomy.	It	is	likely	that	processes	may	vary	regionally	and	even	on	a	micro-scale	within	different	gibber	plain	areas.	These	are	aspects	that	are	addressed	with	the	following	geomorphic	and	taphonomic	analysis	of	sites	and	their	contexts	 in	the	study	area	gibber	plain.	 Additionally,	 the	 experimental	 work	 modelling	 artefact	 movement	 in	 relation	 to	gibber	 plain	 coverage	 and	 other	 factors	 complement	 the	 unsuccessful	 work	 that	 was	initially	proposed	by	Olszewski	et	al.	(2005).			
Results:	Geomorphic	Analysis	of	the	Study	Area	Gibber	Plain	The	two-year	period	of	 fieldwork	undertaken	in	the	study	area	gibber	plain	provided	an	opportunity	 to	 make	 a	 number	 of	 observations	 of	 natural	 taphonomic	 processes.	 This	includes	 the	 influence	 of	 different	 weather	 conditions,	 animal	 disturbance	 and	 the	expression	of	desert	vertisol	soils	in	the	way	the	gibber	rocks	were	oriented	and	patterned.	In	addition,	 the	results	are	presented	of	a	more	 formal	program	of	geomorphic	analysis,	involving	 survey	 and	 soil	 analysis,	 to	 study	 the	 gibber	 plain	 and	 the	 natural	 processes	occurring	in	it.	While	this	work	is	specifically	focused	on	the	study	area	gibber	plain,	the	results	of	 this	analysis	would	also	apply	 to	other	gibbers	 in	 the	Roxby	dunefield	and	the	wider	Stuart	Shelf	region.			
The	Size	and	Percentage	of	Stone	Cover		The	size	and	percentage	coverage	of	stone	called	gibber	clasts	varied	significantly	 in	 the	study	area	(Figure	28	and	Figure	29).	In	the	study	area,	the	mean	coverage	of	stone	clasts	was	51%,	with	a	minimum	of	no	coverage	and	a	maximum	of	95%	(SD	=	24.0).	This	result	has	implications	for	the	potential	impact	of	aeolian	erosion	on	the	archaeological	sites.	It	indicates	that	most	gibber	plain	zones	in	the	study	area	have	a	clast	coverage	above	the	level	(50%)	 at	which	 aeolian	 erosion	 could	 impact	 small	 artefacts	 and	microdebitage	 (Cooke	1970:570).	This	protection	however	may	not	be	provided	if	knapping	caused	artefacts	to	be	deposited	on	top	of	gibber	clasts.			
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	Figure	28:	Example	of	high	gibber	clast	coverage	
	Figure	29:	Example	of	low	gibber	clast	coverage			
Topography	and	Hydrogeology	Topography	of	the	study	area	was	examined	to	determine	the	potential	taphonomic	effects	of	wash	erosion.	Aerial	photographs	and	elevation	data	collected	with	a	differential	GPS	give	a	good	indication	of	drainage	patterns	and	slope	within	the	gibber	study	area	(Figure	30).	A	clear	feature	in	the	study	area	are	the	historically	modified	drainage	lines	that	run	through	the	 natural	 diffuse	 drainage	 zones	 from	 south	 to	 north	 towards	 a	 long-established	 dam	(Figure	31).	The	orientation	of	these	lines	indicates	that	the	gibber	slopes	to	the	north.	The	dam	was	constructed	at	this	location	to	intercept	and	capture	runoff	that	previously	entered	a	large	canegrass	swamp	directly	north	of	the	dam	(Figure	30).			Analysis	of	the	DGPS	data	for	the	study	area	indicates	the	eastern	part	of	the	gibber	slopes	at	0.1o	to	the	north-east	towards	the	dam/swamp.	A	small	section	of	gibber	in	the	western	part	of	the	study	area	slopes	0.09o	to	the	west	towards	a	different,	but	also	large	canegrass	swamp.			Microtopography	on	the	scale	of	a	single	knapping	floor	was	examined	for	a	total	of	10	sites	covering	 each	 of	 the	 eastern	 and	 western	 parts	 of	 the	 study	 area.	 The	 elevation	 was	recorded	 every	 few	 centimetres	 on	 the	 ground	 surface	 of	 these	 sites.	 For	 most	 sites	recorded	variation	between	surface	heights	was	negligible.	The	greatest	difference	in	height	was	for	a	knapping	floor	that	was	located	on	the	mounded	rim	of	a	gilgai	depression.	Even	in	this	extreme	circumstance,	the	difference	in	elevation	between	points	at	its	greatest	was	20mm.			
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The	very	 low	slope	recorded	 in	 the	study	area	 indicates	 that	wash	erosion	 is	unlikely	 to	influence	post-depositional	site	formation	process	of	these	gibber	knapping	sites.	The	high	gibber	 clast	 coverage	 in	most	 areas	would	 also	 provide	 protection	 from	 this	 impact.	 An	exception	to	this	may	be	sites	located	near	dune	margins.	On	many	dunes	discrete	zones	of	higher	 energy	 runoff	 occur	 on	 the	 compacted	 surfaces	 on	 their	 toeslopes.	 This	 can	 be	particularly	detrimental	to	archaeological	site	integrity	during	intense	rain	events,	however	the	 flow	does	not	persist	beyond	the	bare	compacted	surfaces	at	 the	swale	margins.	For	knapping	 sites	 away	 from	dunes	 (i.e.	 the	majority)	 local	wash	 erosion	 is	 expected	 to	 be	negligible.		Observations	in	the	study	area	over	the	period	of	fieldwork	(2009	to	2012)	offered	several	opportunities	to	observe	gibber	plains	after	significant	rain	events.	In	some	locations	water	pooled	on	hard,	clay	rich	surfaces	(Figure	32),	until	it	evaporated	or	infiltrated	many	days	later.	In	other	areas	water	was	rapidly	absorbed	into	the	sandy	sediment.				
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Figure	30:	Elevation	and	slope	of	the	study	area		
	Figure	31:	Eastern	half	the	study	area	showing	dam	(Source:	Google	Earth)		
	Figure	32:	Water	pooling	at	a	gibber	plain	knapping	floor	in	the	study	area.	Pink	Flags	mark	artefacts.		
Gilgai	and	Vertisols	Round	gilgai	are	common	in	the	study	area	gibber	plain.	These	vary	from	large	depressions	(more	than	1m	across)	with	shrubby	vegetation	and	grasses	to	smaller	hollows	containing	sand	that	are	visible	only	as	grassy	areas	with	a	rim	of	dense	stone.	Several	gilgai	had	visible	cobbles	and	pebbles	appearing	to	come	out	of	the	cracks	in	the	depression	centre	(Figure	
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33	 and	 Figure	 34).	 This	 would	 seem	 to	 be	 a	 clear	 indicator	 of	 the	 swelling	 clay	 stone	exudation	 process	 that	 contributed	 to	 the	 formation	 of	 desert	 pavement	 in	 the	 Roxby	dunefield.	Since	the	slope	of	the	gibber	surface	is	relatively	flat,	it	is	unlikely	that	these	gilgai	would	 migrate	 so	 their	 current	 location	 relative	 to	 the	 archaeological	 sites	 will	 have	remained	 the	same	over	 time.	 If	knapping	 floor	sites	are	 located	away	 from	active	gilgai	depressions,	it	is	reasonable	to	assume	that	are	protected	from	damage	by	gilgai	processes.			
	Figure	33:	Typical	gilgai	in	the	study	area	
	Figure	34:	Stones	in	the	centre	of	a	gilgai	in	the	study	area.	This	is	possibly	gilgai	stone	uplift	and	expulsion	in	action			While	fluvial	erosion	may	not	be	a	significant	process	of	site	formation	in	the	gibbers,	the	saturation	of	the	gibber	soils	may	cause	some	artefact	moment	as	the	vertisols	swell	during	such	wet	periods	and	later	shrink	when	they	dry.	It	was	observed	that	in	some	areas	of	high	gibber	 clast	 density	 artefacts	 from	 knapping	 floor	 sites	 appeared	 to	 be	 locked	 into	 the	gibber	matrix	 (Figure	 35).	 This	 is	 likely	 to	 be	 an	 example	 of	 desert	 pavements	 ‘healing’	themselves	 after	 disturbance,	 though	 a	 settling	 process	 that	 redistributes	 stones	 (and	artefacts)	 to	 an	 equilibrium	position	 (Haff	 and	Werner	1996;	 Pelletier	 et	 al.	 2007).	 This	process	would	move	artefacts	slightly	from	their	initial	deposition	position.	Once	at	a	point	of	equilibrium	the	position	would	be	highly	stable	(Chiotti	et	al.	2007).				
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	Figure	35:	Stone	artefacts	flat	lying	in	the	desert	pavement.	Artefacts	are	indicated	by	white	arrows.		
Sediment	Profile	Several	 test	 pits	 were	 excavated	 in	 the	 study	 area	 to	 determine	 the	 soil	 structure	 and	composition	as	this	has	implications	for	the	surface	stability.	In	many	areas	a	thin	surface	layer	of	 loose	sand	was	present	which	appeared	 to	have	been	 trapped	by	 the	rocks,	and	accumulated	 sand	 was	 observed	 around	 shrubby	 vegetation	 where	 such	 plants	 were	present.		The	stratigraphy	of	the	sediment	was	typical	of	desert	pavements	as	has	been	described	in	the	 literature	 (Mabbutt	 1977).	 Where	 there	 was	 no	 sand	 accumulated,	 the	 initial	 layer	appeared	as	a	thin	crust	with	vesicular	structure	(Av	horizon)	(Figure	36).	 In	the	first	5-10cm	the	sediment	appeared	to	be	a	sandy	clay	with	angular	blocky	peds,	a	soil	structure	that	is	prone	to	cracking	when	it	becomes	very	dry.	With	depth	the	sediment	became	more	difficult	 to	 excavate	 owing	 to	 a	 higher	 percentage	 of	 clay.	 It	 displayed	 clear	 columnar	structure	 at	 this	 level	 (Figure	 37).	 Few	 stones	 were	 found	 below	 the	 surface.	 The	 only	subsurface	 rocks	were	 pebble	 sized	 and	 in	 the	 upper	 few	 centimetres	 of	 the	 profile.	 An	exception	 to	 this	was	subsurface	rocks	 found	directly	under	sandy	mounds	accumulated	around	vegetation,	although	these	too	had	little	depth.			
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	Figure	36:	Vesicular	horizon	under	stones		
	Figure	37:	Sediment	profile	in	test	pit			Two	soil	samples	were	taken	from	the	study	area	gibber	at	a	depth	of	0-50mm	from	small	test	pits	for	grain	size	analysis	(Figure	37).	Two	contrasting	types	of	sediment	were	chosen.	One	 from	a	soft	 spongy	area	of	 the	gibber	surface	and	another	 from	a	hard-pan	surface.	Sediment	analysis	was	carried	out	on	 these	samples	 following	 the	decanting	and	sieving	procedures	outlined	for	grain	size	analysis	by	Folk	(1974).		The	results	of	this	grain	size	analysis	are	presented	in	Figure	38.	Both	sediments	were	very	similar	and	bimodal.	The	soft	gibber	sediment	had	a	ratio	of	55%	silt	and	clay	(mud)	to	45%	sand.	The	hard	pan	sample	was	50%	silt	and	clay,	50%	sand.	The	sand	in	both	sediments	was	 predominantly	 fine	 sand	 (grain	 size)	 and	 there	was	 a	 slightly	 higher	 percentage	 of	
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medium	 to	 coarse	 sand	 grain	 size	 s	 in	 the	 gibber	 sediment	 than	 the	hard-pan.	The	high	percentage	of	silt	and	clay	sized	particles	is	typical	for	a	desert	vertisol.	This	suggests	that	swelling	and	shrinking	dynamics	that	characterise	vertisols	potentially	play	a	role	in	site	taphonomy.	That	shrink-swell	process	cycle	may	also	cause	microdebitage	or	the	smallest	fraction	of	artefacts	to	fall	down	fissures	in	the	cracking	clay	during	dry	events.	The	high	swelling	 clay	 component	 of	 the	 soil	 (involving	 the	 clay	 mineral	 montmorillonite	characteristic	of	desert	soils)	explains	the	presence	of	gilgai	in	the	area	which,	as	already	discussed,	would	cause	major	disturbance	to	archaeological	sites	that	are	located	within	or	beside	these	features.			
	Figure	38:	Grain	size	distribution	of	sediment	samples	on	the	Wentworth	and	Krumbein	Phi	scale	
	
Observations	of	the	Impact	of	Vegetation	Saltbush,	bluebush	and	a	variety	of	seasonal	grasses,	other	shrubs	and	flowering	herbs	are	the	most	common	vegetation	observed	in	the	Roxby	dunefield	gibber	plains	(ARUP/ENSR.	2009).	During	the	period	of	fieldwork	for	this	project	there	was	a	marked	difference	in	the	amount	of	vegetation	during	the	drier	period	in	2009	(the	last	of	seven	very	dry	years)	and	the	wet	period	when	there	was	much	higher	than	average	rainfall	in	2010	and	2011.			Figure	39	and	Figure	40	show	the	same	location	approximately	10	months	apart	in	a	dry	period	then	later	after	significant	rain.	The	species	of	plants	that	occupy	the	gibber	are	not	large,	most	are	perennials	that	become	dormant	during	dry	periods	but	regain	shoots	and	leaves	 after	 rain,	 and	 their	 roots	 are	 stable	 and	 unlikely	 to	 cause	 movement.	 In	 fact	
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vegetation	 is	 more	 likely	 to	 offer	 protection	 from	 erosion.	 Sand	 has	 been	 observed	accumulating	around	the	bases	of	low	shrubs	and	at	times	artefacts	were	found	underneath	these	mounds.	This	burial	is	unlikely	to	cause	movement	to	the	artefacts	and	again	instead	is	more	likely	to	protect	them	from	movement	via	other	processes.		
	Figure	39:	Location	one	13/11/2009	 	Figure	40:	Location	one	18/9/2010	
	
	
Archaeological	Insights	of	Gibber	Plain	Environmental	Processes		In	addition	to	the	observations	of	the	natural	features	in	the	gibber	plain,	the	archaeological	sites	 themselves	 can	 preserve	 a	 record	 of	 site	 formation	 processes.	 In	 this	 study	 of	 the	gibber	plain	natural	processes,	two	aspects	of	the	archaeological	knapping	floor	sites	are	considered:	 the	 occurrence	 of	 microdebitage,	 and	 artefact	 orientation	 including	 the	presence	or	absence	of	subsurface	artefacts.			
Microdebitage	Analysis	Two	 sediment	 samples	 associated	 with	 knapping	 floors	 were	 analysed	 to	 identify	 the	presence	or	absence	of	microdebitage.	This	was	used	to	better	understand	the	taphonomic	processes	that	take	place	in	the	gibber	environment	and	specifically	the	influence	of	wind	erosion	in	contrast	to	the	hypothesised	incorporation	of	microdebitage	into	the	sediment	subsurface	through	the	movement	associated	with	cracking	clays.	The	methods	used	have	been	described	in	Chapter	4.		The	results	of	this	analysis	were	that	microdebitage	and	angular	fragments	in	the	sediment	samples	 were	 almost	 non-existent.	 One	 clear	microdebitage	 fragment	 was	 found	 in	 the	surface	layer	(0-50mm	deep)	at	one	site,	in	the	0.5phi	grainsize	class.	In	the	45mm-125mm	sediment	sample	of	one	site	a	microdebitage	piece	was	found	in	the	2phi	size	class	(Figure	41).	That	sediment	sample	was	taken	from	the	uppermost	parts	of	the	column	(B	horizon)	
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in	the	sediment	profile.	Although	a	few	other	‘suspect’	angular	fragments	were	observed	in	the	samples,	none	could	be	identified	definitely	as	microdebitage.			It	is	possible	weathering	of	the	microdebitage	has	caused	rounding	of	the	fragments	making	them	 indistinguishable	 from	 the	 surrounding	 sediment.	 This	was	 tested	 using	 sediment	from	a	chert	knapping	floor.	Microscopic	analysis	confirmed	that	rounding	of	chert	grains	by	weathering	 is	 unlikely	 as	 the	 chert	 is	 usually	 opaque	whereas	 the	 surrounding	 sand	grains	 are	 clear.	 The	 sediment	 examined	was	 almost	 entirely	 clear	 suggesting	 little	 of	 it	comprised	weathered	chert	and	most	of	it	was	aeolian	sand.	It	seems	more	likely	that	stone	artefacts	of	this	size	are	removed	from	the	site	via	erosion,	probably	by	wind.	The	single	fragment	found	in	the	B	horizon	of	the	sediment	profile	does	show	that	material	from	the	surface	 can	 fall	 down	 cracks	 in	 the	 clay.	 It	 appears	 likely	 however	 that	wind	 erosion	 is	affecting	the	site	before	most	of	the	fine	material	can	be	trapped	in	the	sediment	through	these	desiccation	cracks.			Microdebitage	 would	 be	 more	 likely	 to	 be	 eroded	 if	 knapping	 occurred	 during	 wetter	periods	 when	 the	 gibber	 vertisols	 had	 expanded,	 rather	 than	when	 they	 were	 cracked,	leaving	 the	 microdebitage	 particles	 on	 the	 surface.	 The	 findings	 from	 this	 analysis	 are	perhaps	representative	of	the	general	occupation	model	for	the	Roxby	dunefield	region,	and	consistent	with	the	conclusion	that	habitation	of	the	area	occurred	during	wetter	periods	and	seasons	when	food	and	water	resources	were	available	(Sullivan	and	Hughes	2014).			
	Figure	41:	Chert	microdebitage	fragment		
Detailed	Excavation	of	Gibber	Knapping	Floors	in	the	Roxby	dunefield	Five	knapping	floor	sites	within	the	study	area	gibber	plain	but	from	different	gibber	micro-environments,	 were	 collected	 and	 excavated	 using	 the	 detailed	 recording	 methods	described	 in	 Chapter	 4.	 This	 was	 to	 record	 the	 orientation	 of	 artefacts	 and	 to	 look	 for	
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evidence	 of	 site	 burial	 in	 order	 to	 understand	 the	 processes	 of	 post-depositional	 site	formation,	and	to	identify	the	most	stable	contexts	for	knapping	floor	spatial	preservation.	Two	of	the	sites	are	presented	below	as	they	illustrate	the	overall	patterns	observed	and	the	difference	caused	by	proximity	to	gilgai.			
Site	ODX_13478	This	was	a	dispersed	knapping	site	chosen	as	an	example	of	a	knapping	site	located	beside	an	active	gilgai	(Figure	42	to	Figure	44).	A		0.25m2	area	of	the	site	was	excavated	in	two	spits	to	a	depth	of	120mm.	Excavation	ceased	at	this	point	as	no	further	artefacts	were	found.	Several	subsurface	pebbles	and	artefacts	were	found	during	this	excavation.	The	orientation	of	 the	 subsurface	 artefacts	 was	 generally	 ‘end	 up’	 with	 the	 long	 axis	 aligned	 vertically	(Figure	44).	 The	deepest	 artefact	was	 found	 extending	 to	 60mm	below	 the	 surface.	 The	deepest	rock	was	found	at	90mm	and	was	pebble	sized.				
	Figure	42:	Map	of	ODX_13478	knapping	floor			The	weight	of	the	artefacts	found	at	different	levels	of	ODX_13478	is	presented	in	Table	2.	The	sample	size	difference	is	 in	part,	due	to	the	fact	that	the	entire	site	area	(13m2)	was	excavated	to	spit	1	(0-55mm),	but	only	a	0.25m2	sample	was	excavated	to	the	depth	of	spit	2	(55-120mm)		The	artefacts	found	in	spit	2	are	on	average	smaller	than	those	in	the	upper	levels,	although	the	difference	in	sample	size	makes	this	comparison	difficult	(Table	9).	Although	the	mean	weights	of	the	artefacts	found	in	spit	1	were	on	average	larger	than	those	on	the	surface	an	
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ANOVA	 analysis	 found	 no	 significant	 variation	 in	 artefact	 weight	 with	 excavation	 level	(ANOVA	F=0.123,	df=2,79,	p=0.884).			
	Figure	43:	Vertically	exaggerated	cross-section	of	ODX_13478		
	Figure	44:	ODX_13478	5X	vertically	exaggerated	detailed	cross	section	of	excavation	pit		showing	artefact	orientation	along	the	long	axis.	Site	ODX_11782			 Table	9:	Mean	artefact	weight	(g)	by	spit	level	from	excavation	of	ODX_13478	
Level	 N		
(artefacts)	
Mean	weight	(g)	 SD	
Surface	 45	 170	 513	
Spit	1		
(0-55mm)	
32	 267	 1300	
Spit	2		
(55-120mm)	
3	 31	 51	
Total	 80	 204	 902					
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Site	ODX_11782	This	knapping	floor	was	located	in	a	very	flat	area	with	gilgai,	but	at	a	significant	distance	from	any	visible	gilgai	(Figure	45	and	Figure	46).	 It	 is	a	 tightly	clustered	knapping	 floor,	much	more	 so	 than	ODX_13478,	which	 is	 an	 initial	 indication	 that	 it	 is	 in	 a	more	 stable	setting.	Within	the	area	of	the	site	there	was	only	a	couple	of	tiny	shrubs.	A	0.5m2	area	of	the	site	was	excavated	to	a	depth	of	50mm	and	no	subsurface	artefacts	or	rocks	were	found.				
	Figure	45:	Knapping	floor	site	ODX_11782	plan	view		
	Figure	46:	E-W	Cross	section	of	ODX_11782	site	and	excavation	profile	
	Overall	these	two	knapping	floor	sites	demonstrate	clearly	the	difference	in	the	stability	of	sites	located	within	active	gilgai	in	contrast	to	those	on	flat	gibber	away	from	gilgai.	Sites	within	or	close	to	gilgai	are	affected	by	vertisol	uplift	and	cracking	processes.	This	makes	sites	in	these	contexts	unsuitable	for	intra-site	spatial	analysis.	In	contrast	sites	located	at	a	distance	 from	 gilgai	 did	 not	 show	 evidence	 of	 disturbance	 from	 natural	 taphonomic	processes.	This	analysis	continues	with	simulated	experiments	of	artefact	movement	in	a	
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variety	 of	 different	 gibber	 plain	 conditions	 that	 are	 free	 from	 gilgai	 activity	 to	 further	explore	site	stability	in	greater	detail.		
	
Simulated	Gibber	Plain	Site	Taphonomy	Experiments	The	following	section	describes	and	interprets	the	results	of	taphonomic	experiments	that	focus	 on	 the	 specific	 gibber	 plain	 settings	 that	 are	 most	 conducive	 to	 intra-site	 spatial	stability.	These	experiments,	which	created	eight	simulated	knapping	floor	sites,	measured	the	 movement	 of	 individual	 artefacts	 over	 a	 21-month	 period	 in	 different	 gibber	 plain	situations.	 The	 background	 and	 methods	 used	 to	 run	 these	 experiments	 have	 been	described	in	Chapter	4.	This	involved	combining	a	number	of	different	variables	in	separate	experiments.	The	variables	are	surface	type	(hard-pan	or	spongy),	gibber	clast	coverage	and	artefact	weight.	The	results	of	this	analysis	are	important	for	understanding	the	research	potential	of	knapping	floor	sites	specifically	for	intra-site	spatial	analysis	to	reveal	aspects	of	an	individual	knapping	event.			As	described	in	Chapter	4	one	aspect	of	the	planned	experimental	design	was	to	factor	large	animal	 (e.g.	 kangaroo	 and	 emu)	 disturbance	 on	 sites	 by	 protecting	 two	 locations	(experiments	5	and	6)	with	an	exclusion	fence.	Unfortunately,	during	the	experiment,	the	fence	blew	over	in	strong	winds	and	disturbed	the	artefacts	 in	those	experiments,	which	were	therefore	unsuccessful.	The	following	paragraphs	present	the	results	of	the	remaining	six	experiments	which	were	not	affected	by	this	issue.		
Artefact	Loss	and	Vertical	Movement	Fewer	artefacts	were	collected	at	the	end	of	many	of	the	experiments	than	were	placed	at	the	beginning.	The	following	table	(Table	10)	shows	these	results:		Since	many	of	the	artefacts	lost	their	ID	numbers	during	the	experiment,	it	is	impossible	to	identify	exactly	which	artefacts	were	not	found	during	the	collection	stage.	Calculating	the	mean	weight	of	the	assemblage	collected	and	comparing	that	with	the	mean	weight	of	the	assemblage	placed	at	the	site	nevertheless	gives	an	indication	of	the	weight	of	the	artefacts	that	were	lost	during	the	experiment.	There	is	a	clear	shift	in	the	value	towards	assemblages	of	greater	mass,	a	result	that	shows	it	is	the	smallest	artefact	fraction	that	was	lost.	It	is	also	clear	from	these	results	that	it	is	the	smallest	artefacts	that	became	vertically	displaced	into	the	subsurface.	
	Table	10:	Mean	weight	of	experimental	assemblages	and	missing	artefacts	
Experiment	
#	
Experimental	Variables	 Original	#	
Artefacts	
#	Subsurface	
Artefacts	
Mean	wt	Subsurface	
Artefacts	(g)	
#	Missing	
Arts	
Mean	wt	Artefacts	
Initially	placed	at	Site	
(g)	
Mean	wt	Collected	
Artefacts	(g)	
1	 Hard-pan,	low	clast	coverage	 136	 4	 0.11	 59	 3.55	 10.46	
2	 Hard-pan,	high	clast	coverage	 126	 10	 0.08	 42	 4.74	 16.02	
3	 Soft	surface,	low	clast	
coverage	
126	
5	 1.78	 52	 5.09	 6.57	
4	 Soft	surface,	high	clast	
coverage	
87	
6	 0.03	 18	 4.24	 12.68	
7	 Hard-pan,	low	clast	coverage,	
extra	large	artefacts	
9	
0	 0	 0	 471.44	 471.44	
8	 Soft	surface,	high	clast	
coverage,	extra	large	
artefacts	
9	
0	 0	 0	 493.67	 493.67	
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There	are	several	possibilities	relating	to	the	 location	of	 the	missing	artefacts.	They	may	have	been	blown	by	the	wind	or	washed	by	water	away	from	the	site.	Alternatively,	they	may	have	been	incorporated	into	the	subsurface	sediment	outside	the	excavation	area	(an	area	 encompassing	 the	 entire	 visible	 surface	 of	 the	 site).	 It	 is	 clear	 however	 that	 these	artefacts	must	have	been	displaced	horizontally	to	a	significant	extent.		These	 results	 also	 indicate	 that	 there	 is	 little	 vertical	 displacement	 of	 artefacts	 in	 these	environments	over	the	period	of	time	examined.	Experiment	3	had	the	artefacts	with	the	greatest	mass	 that	were	displaced	 vertically	 (8.66g).	 In	 all	 of	 the	 other	 experiments	 the	subsurface	artefacts	found	were	under	0.5g	in	mass.	It	is	likely	given	their	small	size	that	artefacts	become	incorporated	into	the	subsurface	sediment	through	cracks.			
Site	Area	Change	Changes	over	time	in	the	period	of	the	experiment	in	the	area	of	the	simulated	sites	were	analysed	and	the	measurements	taken	are	presented	in	Table	11	below.		 Table	11:	Difference	in	scatter	area	at	beginning	and	end	of	experiment	
Experiment	 Surface	 Clast	
Coverage	
Relative	
Artefact	Size	
Initial	Site	
Area	(m2)	
Final	Site	
Area	(m2)	
Area	
Change	(m2)	
1	 Hard-
pan	
Low	 Small	 0.47	 2.58	 +2.11	
2	 Hard-
pan	
High	 Small	 0.28	 0.50	 +0.22	
3	 Soft	 Low	 Small	 0.33	 1.42	 +1.09	
4	 Soft	 High	 Small	 0.19	 0.37	 +0.18	
7	 Hard-
pan	
Low	 Large	 0.30	 0.49	 +0.19	
8	 Soft	 High	 Large	 0.25	 0.26	 +0.01		All	 experiments	 experienced	 some	 increase	 in	 the	 artefact	 scatter	 area.	 This	 simple	comparison	 demonstrates	 clearly	 the	 environmental	 settings	 and	 the	 artefact	 size	attributes	 that	 lead	 to	 the	 most	 stable	 site	 conditions	 in	 terms	 of	 spatial	 distribution.	Regardless	 of	 environmental	 context	 the	 sites	 comprising	 purely	 larger	 artefacts	(Experiments	7	and	8)	had	the	lowest	amount	of	area	change.	Gibber	clast	coverage	leads	to	significantly	less	horizontal	displacement	of	artefacts,	and	it	appears	there	is	a	marginal	difference	 between	 the	 hard-pan	 surface	 and	 the	 soft	 surface	 with	 slightly	 greater	 site	dispersion	of	artefacts	on	the	hard-pan	surface.		
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The	other	significant	result	from	this	analysis	is	that	no	experimental	site	decreased	in	area.	This	 was	 despite	 the	 fact	 that	 there	 was	 a	 small	 amount	 of	 artefact	 loss	 during	 the	experiment	 among	 the	 smallest	 artefacts.	 This	 is	 a	 positive	 result	 for	 this	 study	 as	 it	indicates	that	the	degree	of	artefact	clustering	is	a	good	measure	of	site	spatial	stability,	as	there	is	no	natural	process	that	might	cause	this	clustering	artificially.				
Individual	Artefact	Movement	This	analysis	uses	artefacts	that	retained	their	ID	numbers	throughout	the	experiment	or	could	be	identified	by	their	unique	weight	value.	As	expected,	there	are	some	similarities	in	these	results	to	the	previous	site	area	analysis.	For	example,	experiments	7	and	8	which	had	extra-large	artefacts	show	overall	the	least	amount	of	artefact	movement.			 Table	12:	Mean	artefact	movement	
	 Movement	(m)	
Experiment	#	 Mean	 Min	 Max	 SD	
1	 0.31	 0	 2.78	 0.51	
2	 0.08	 0	 0.15	 0.03	
3	 0.28	 0.01	 1.46	 0.27	
4	 0.03	 0	 0.20	 0.04	
7	 0.05	 0	 0.15	 0.05	
8	 0.05	 0	 0.02	 0.01		Sites	with	high	levels	of	clast	coverage	had	far	less	movement	of	artefacts	than	those	with	low	clast	coverage.	Both	Experiments	1	and	3	(which	had	low	clast	coverage)	had	individual	artefacts	 that	moved	 over	 distances	 exceeding	 1m.	 These	were	 isolated	 artefacts	within	these	experiments.	It	had	been	observed	during	the	mid-experiment	visit	(see	Appendix	5)	that	there	were	kangaroo	tracks	within	the	vicinity	of	these	experimental	sites.	Disturbance	by	large	animal	contact	offers	the	most	likely	explanation	for	this	displacement	which	did	not	affect	the	artefacts	in	these	experiments	more	broadly.	It	is	likely	that	similar	animal	disturbance	in	a	high	gibber	clast	covered	area	would	result	in	far	less	artefact	movement	as	the	surrounding	stones	would	be	likely	to	offer	protection.		 		
Artefact	Weight	as	a	Factor	of	Movement	 	The	amount	of	artefact	movement	in	the	experimental	sites	was	further	examined	to	isolate	the	factors	that	offered	the	greatest	site	stability.	Artefact	weight	was	analysed	as	this	was	identified	 as	 a	 potentially	 important	 variable	 in	 the	 initial	 findings	 from	 the	 two	experimental	sites	that	were	made	up	of	extra-large	artefacts,			Spearman’s	 correlation	 analysis	 demonstrated	 that	 there	 is	 a	 moderate,	 negative	correlation	 between	 artefact	 weight	 and	 amount	 of	 movement	 (Rs=-0.443,	 p=0.000).	
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Therefore,	 as	 artefact	 size	 (weight)	 increases,	 the	 amount	 of	movement	 decreases.	 This	appears	to	be	a	logarithmic	pattern	as	can	be	seen	below	in	Figure	47		and	confirmed	with	a	log10	transformed	linear	regression	analysis	(N=169,	r=	0.483,	R2=0.233,	p=0.000).	Since	the	 R2	 value	 indicates	 only	 23.3%	 of	 the	 data	 can	 be	 explained	 by	 this	 pattern	 other	experimental	variables	were	analysed	to	identify	their	contribution	to	predicting	artefact	movement.			
	Figure	47:	Relationship	between	Artefact	weight	and	movement.	All	experiments	combined.	
Multiple	Regression	Analysis	Multiple	regression	analysis	was	conducted	to	determine	the	significance	of	the	different	variables	(artefact	weight,	clast	cover	and	surface	type)	as	predictors	of	artefact	movement.	To	prepare	the	data	for	analysis	the	nominal	variables	of	clast	cover	and	surface	type	were	given	numerical	values	and	the	values	of	artefact	weight	and	movement	were	transformed	by	log10	to	avoid	heteroscedasticity	of	the	data.		This	analysis	demonstrates	that	the	combination	of	clast	cover,	artefact	weight	and	surface	type	variables	statistically	significantly	predicted	the	movement	of	artefacts	(F=56.664,	df=	3,	p=0.000,	r=0.717,	R2=	0.514).	The	role	of	each	individual	variable	is	presented	below	in	a	correlation	matrix	(Table	13).	Clast	cover	is	clearly	the	dominant	factor	(r=0.563,	p=0.000)	with	a	greater	degree	of	clast	cover	resulting	in	less	artefact	movement.	The	sub-dominant	factor	was	artefact	weight	(r	=	-0.134,	p=0.000)	which	had	a	small	effect.	Smaller	artefacts	were	more	likely	to	have	undergone	greater	movement.	Surface	type	had	a	small	(r=	-0.131,	p=0.046)	 but	 significant	 effect,	 with	 hard-pan	 artefacts	 showing	 a	 greater	 degree	 of	
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movement	 than	 those	 on	 soft	 sediment	 surfaces.	 Together	 these	 variables	 predict	approximately	57%	of	the	observed	data.			 Table	13:	Correlation	matrix	of	variables	effecting	artefact	movement	
	 Movement		 Clast	Cover	 Weight	 Surface		
Pearson	Correlation	 Movement		 1.000	 0.563	 -0.456	 -0.131	
Clast	Cover	 0.563	 1.000	 -0.134	 0.046	
Weight	 -0.456	 -0.134	 1.000	 -0.164	
Surface	 -0.131	 0.046	 -0.164	 1.000	
p	 Movement	 .	 0.000	 0.000	 0.0.46	
Clast	Cover	 0.000	 .	 0.043	 0.280	
Weight		 0.000	 0.321	 .	 0.018	
Surface	 0.046	 0.280	 .018	 .			The	 results	 of	 this	 multivariate	 linear	 regression	 analysis	 demonstrate	 that	 in	 order	 to	understand	artefact	movement	all	of	the	variables	of	artefact	weight,	surface	type	and	clast	cover	must	 be	 considered,	 but	 clast	 cover	 is	 the	 dominant	 factor	 by	 far	 in	 determining	artefact	 stability.	 Sites	 located	 in	areas	with	high	gibber	clast	 cover	are	better	protected	from	movement	than	those	in	areas	with	less	gibber	cover.		Not	all	of	the	data	conformed	perfectly	to	the	three-variable	predictive	model,	suggesting	there	 may	 be	 other	 factors	 that	 play	 a	 role,	 albeit	 a	 lesser	 one,	 in	 explaining	 artefact	movement.	One	factor	could	be	animal	disturbance,	which	was	not	possible	to	control	 in	this	suite	of	experiments	due	to	the	collapse	of	the	exclusion	fence.			
Modelling	 Taphonomic	 Impact	 on	 Archaeological	 Knapping	 Floors	 in	 Gibber	
Plain	Environments	
	This	research	has	identified	a	number	of	environmental	and	archaeological	factors	that	can	predict	 the	stability	of	knapping	 floor	sites	 in	gibber	plain	environments.	Disturbance	of	spatial	 patterning	 and	burial	 of	 artefacts	 is	 highly	 likely	where	 a	 site	 locale	 is	within	 an	active	gilgai.	Those	particular	sites	should	not	be	considered	for	spatial	analysis	where	the	information	is	interpreted	as	a	product	of	the	original	formation	event,	stone	knapping	at	that	point.	Sites	with	low	gibber	clast	coverage	<50%	are	also	more	likely	to	be	disturbed	
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as	they	have	less	protection	from	all	natural	processes	including	scuffing	by	large	animals.	Artefact	movement	by	either	wind	or	wash	erosion	is	accentuated	in	these	contexts	where	the	ground	surface	is	hard-pan	and	water	can	wash	across	the	surface	and	pool,	possibly	concentrating	artefacts	in	low	points	on	the	surface.			Artefact	size	is	also	an	important	factor	for	both	artefact	displacement	and	erosion.	Larger	artefacts	are	less	likely	to	experience	disturbance.	In	the	experiments	artefacts	>20g	were	virtually	unmoved,	even	where	they	were	not	protected	by	higher	gibber	coverage.	Despite	the	 literature	 predicting	 surfaces	 with	 >50%	 rock	 cover	 would	 offer	 protection	 from	sediment	 erosion,	 in	 all	 gibber	 surface	 settings	 it	 was	 noted	 that	 some	 of	 the	 smallest	artefacts	went	missing	through	removal	due	to	erosion.	It	is	likely	this	would	therefore	also	affect	microdebitage	sized	artefacts.	Some	of	the	smaller	artefacts	(<0.5g)	were	seen	to	have	become	incorporated	into	the	top	few	centimetres	of	sediment,	through	desiccation	cracks.				This	research	also	identified	the	most	stable	gibber	conditions	which	can	be	used	to	assist	site	selection	for	spatial	analysis	(in	Chapter	7).	It	is	clear	that	high	gibber	clast	coverage	(>50%)	offers	good	protection	along	with	a	softer	surface	(in	contrast	to	hard-pan).			Finally,	 an	 important	 finding	 from	 the	 research	 is	 that	 the	 natural	 processes	 that	 affect	gibber	plain	sites	cause	an	expansion	of	site	area	as	artefacts	become	dispersed.	There	were	no	natural	processes	observed	that	would	intensify	artefact	clustering,	so	the	degree	of	site	clustering	 is	 one	 good	 measure	 of	 site	 spatial	 stability.	 This	 is	 particularly	 useful	 for	knapping	floor	sites,	because	the	literature	suggests	knapping	produces	clustered	artefacts	(Kvamme	1997).	The	identification	of	knapping	floors	in	the	Roxby	dunefield,	including	the	study	 area,	 in	 part	 has	 rested	 on	 this	 site	 attribute	 to	 distinguish	 knapping	 floors	 from	general	artefact	scatters	(HEH	Pty	Ltd	2007).	The	degree	of	clustering	and	other	aspects	of	spatial	patterning	produced	by	knapping	activity	is	explored	and	modelled	in	further	detail	in	the	remainder	of	this	chapter.	
An	Experiment	 in	Cultural	Site	Formation	Processes:	 Individual	
Knapping	Activity	Spatial	Patterns		The	following	analysis	focuses	on	how	the	action	of	knapping	influences	site	formation	and	the	spatial	distribution	of	artefacts.	The	aim	 is	 to	produce	models	 that	can	be	applied	 to	interpret	 knapping	 floor	 sites	 in	 the	 study	 area.	 A	 series	 of	 eight	 simulated	 knapping	experiments	was	conducted	 to	examine	how	aspects	of	knapper	behaviour	 influence	 the	intra-site	spatial	patterning	or	artefact	distribution.	These	simulations	were	combinations	
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of	different	knapper	stance	and	handedness,	which	are	two	variables	previously	shown	to	influence	the	intra-site	distribution	of	artefacts	(Kvamme	1998;	Newcomer	and	Sieveking	1980;	Stone	2014).	The	details	of	these	experiments	have	been	described	in	Chapter	4.				
	
Results	of	the	Knapping	Experiments	The	following	figures	show	maps	of	the	artefacts	created	in	each	experiment.	These	maps	are	orientated	 in	 the	same	way	so	 that	 the	knapper’s	 left	 leg	or	 foot	depending	on	 their	stance,	is	orientated	north-south.		
	Figure	48:	Map	of	experiment	1:	Squatting,	core	in	front	of	body	on	the	ground,	right	handed.	
	Figure	49:	Map	of	experiment	2:	Squatting,	core	in	front	of	body	on	the	ground,	left	handed.	
	Figure	50:	Map	of	experiment	3:	‘Reverse	knapping’.	Kneeling,	core	on	ground	to	right	side	of	body,	left	handed.	
	Figure	51:	Map	of	experiment	4:	‘Reverse	knapping’.	Kneeling,	core	on	ground	to	left	side	of	body,	right	handed.		
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	Figure	52:	Map	of	experiment	5:	Kneeling,	core	on	ground	in	front	of	body,	left	handed.	
	Figure	53:	Map	of	experiment	6:	Kneeling,	core	on	ground	in	front	of	body,	right	handed.	
	Figure	54:	Map	of	experiment	7:	Standing,	holding	small	core	in	hand,	letting	flakes	drop	to	ground,	right	handed.	
	Figure	55:	Map	of	experiment	8:	Squatting,	holding	small	core	in	the	hand,	letting	flakes	drop	to	ground,	right	handed.		
	
Clustering	The	degree	of	artefact	clustering,	measured	by	the	mean	artefact-scatter	radius	from	the	centroid,	was	compared	for	the	different	knapping	stances.	While	it	is	a	small	sample	size,	the	experiments	conducted	for	this	study	indicate	that	there	is	no	correlation	between	the	height	of	the	core	above	the	ground	and	the	standard	deviation	of	artefact	distance	from	the	centroid	 (see	 Table	 14)	 (ANOVA	 F=0.017,	 df=1,6,	 p=0.901).	 Looking	 at	 the	maps	 of	 the	spatial	patterning	of	the	artefacts	in	the	experiments	(Figure	48	to	Figure	55)	this	result	is	not	surprising	as	for	most	knapping	methods	the	spatial	patterning	of	artefacts	is	not	one	of	a	 rounded	cluster.	Rather	 for	many	of	 the	knapping	methods	 the	artefact	 scatters	are	highly	structured	and	demonstrate	a	directional	scatter	pattern.			
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This	 analysis	 shows	 that	 using	mean	 radius	 and	 standard	 deviation	 of	 artefacts	 from	 a	centroid	are	not	 appropriate	measures	 to	distinguish	knapping	methods,	 even	knapping	height.	These	results	mirror	the	insights	of	Hiscock	(2005a)	who	noted	the	wide	spread	of	artefacts	that	resulted	from	knappers	using	the	reverse	knapping	method,	which	positions	the	 core	 on	 the	 ground.	 Likewise,	 other	 knapping	 techniques	 such	 as	 forward	 knapping	squatting	with	the	core	on	the	ground	produce	similarly	wide	spreads	of	artefacts.			The	results	of	 this	analysis	however	are	useful	 for	providing	a	baseline	of	site	clustering	produced	 in	 an	 individual	 knapping	 event,	 that	 is	 applicable	 in	 taphonomic	 analysis.	Archaeological	knapping	floors	in	the	study	area	that	have	a	mean	radius	less	than	0.61m	are	 unlikely	 to	 be	 affected	 by	 overprinting	 of	 multiple	 knapping	 events.	 This	 degree	 of	clustering	 would	 suggest	 a	 site	 is	 highly	 stable	 and	 unaffected	 by	 post-depositional	taphonomic	impacts	that	could	cause	artefact	movement	and	dispersion.				 Table	14:	Measures	of	scatter	clustering	for	knapping	experiments	using	scatter	centroid	
Experiment	 Stance/hand	 Relative	height	of	
core	above	
ground	
Mean	
Radius	
(m)	
StDev	
(m)	
Max	
Distance	(m)	
1	 SGRF	 On	ground	 0.40	 0.62	 4.03	
2	 SGLF	 On	ground	 0.63	 0.52	 2.66	
3	 KGLB	 On	ground	 0.39	 0.35	 2.04	
4	 KGRB	 On	ground	 0.61	 0.48	 2.44	
5	 KGLF	 On	ground	 0.27	 0.26	 1.65	
6	 KGRF	 On	ground	 0.38	 0.46	 2.34	
7	
UHRF	 ~	1m	above	
ground	
0.42	 0.41	 2.03	
8	 SHRF	 ~0.3m	above	
ground	
0.55	 0.57	 3.07			
Hotspot	Analysis		When	 the	maps	 from	 the	 knapping	 experiments	 (Figure	 48	 to	 Figure	 55)	 are	 examined,	there	is	an	obvious	structure	to	the	artefact	distribution.	In	all	the	experiments,	there	is	a	dense	cluster	of	artefacts	immediately	beside	the	point	where	the	knapper	was	positioned	with	a	sparser	scattering	of	artefacts	further	outwards.	The	densest	clustering	of	artefacts	beside	the	knapper,	the	‘hotspot’,	was	analysed	in	further	detail	to	determine	whether	there	are	 discernible	 and	 repeated	 differences	 in	 hotspot	 attributes	 associated	with	 knapping	stance.		Getis-Ord	 Gi*	 hotspot	 analysis	 in	 ArcGIS	 was	 used	 to	 quantitatively	 isolate	 this	concentration.		A	normalised	artefact	density	was	then	calculated	for	each	experimental	site	
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using	the	methods	outlined	in	Chapter	4.	The	results	of	this	are	presented	in	Table	15	and	Figure	56.			 Table	15:	Cluster	statistics	of	experimental	knapping	assemblages	
Experiment	 N	
Total	
Artefacts	
#	Arts	in	
Cluster	
p	
Cluster	%	of	
Assemblage	
A	
Cluster	
Area	
(m2)	
Cluster	
density	
(arts/m2)	
Dn	
Normalised	
Density	
(arts/m2)	
1	 132	 101	 76.5	 0.282	 358.15	 135.65	
2	 57	 37	 64.9	 0.302	 122.51	 107.45	
3	 67	 43	 64.1	 0.173	 248.33	 185.26	
4	 66	 38	 71.2	 0.185	 205.40	 192.43	
5	 66	 45	 68.1	 0.07	 642.80	 486.42	
6	 85	 64	 75.2	 0.18	 355.55	 208.88	
7	 46	 23	 50.0	 0.101	 227.77	 247.52	
8	 49	 26	 53.1	 0.079	 329.11	 336.07			
	Figure	56:	Normalised	artefact	density	and	cluster	area	for	knapping	experiments		For	 hotspot	 analysis	 to	 be	 credible	 and	 have	 merit	 in	 distinguishing	 between	 different	knapping	stances,	it	would	be	expected	there	would	be	similar	results	for	each	experiment	that	used	the	same	stance.	Experiments	1	and	2	(forward	knapping	while	squatting)	are	clearly	 distinguishable	 from	 the	 other	 stances	 with	 the	 highest	 cluster	 area	 and	 low	normalised	cluster	artefact	density.	Experiments	3	and	4	(reverse	knapping)	have	a	slightly	higher	cluster	density	and	far	smaller	cluster	area.	Experiment	7	(knapping	whilst	standing)	had	a	small	cluster	with	low	density.	Forward	knapping	whilst	kneeling	however	produced	highly	variable	results	between	the	two	experiments	(5	and	6).	Experiment	6	had	a	cluster	with	very	similar	characteristics	to	that	of	reverse	knapping	but	Experiment	5	had	a	highly	
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dense,	small	cluster	area.	Therefore,	other	distinguishing	characteristics	would	need	to	be	used	 to	 identify	 forward	 knapping	whilst	 kneeling	 from	 other	 kneeling	 stances	 such	 as	reverse	knapping.			The	 percentage	 of	 artefacts	within	 the	 dense	 cluster	 is	 also	 different	 between	 positions	where	the	core	is	held	in	hand	as	opposed	to	resting	on	the	ground	during	knapping	(Table	15).	Between	50%	and	53.1%	of	artefacts	were	in	the	hotspot	for	knapping	holding	the	core	in	hand	(Experiments	7	and	8),	whereas	all	of	the	other	knapping	experiments,	in	which	the	core	was	resting	on	the	ground,	had	much	high	percentage	values	(64.1%-76.5%).	This	may	be	a	useful	characteristic	for	distinguishing	between	these	different	knapping	methods.				
Directionality	and	other	Distributional	Patterning	While	 the	 previous	 literature	 analysing	 knapping	 and	 artefact	 distribution	 suggest	 a	‘poached	 egg’	 shape	 is	 produced	 (Kvamme	 1997),	 this	 is	 not	 the	 case	 for	 the	 knapping	stances	 analysed	 in	 these	 experiments.	 The	 experimental	 sites	 appear	 to	 be	 highly	directional	with	a	spray	of	artefacts	extending	from	the	main	cluster	in	all	experiments.	This	is	 more	 simular	 to	 the	 patterns	 observed	 by	 Hiscock	 (2005a)	 who	 suggested	 the	directionality	relates	to	both	knapper	stance	and	handedness.	The	directional	distribution	of	 artefacts	 was	 analysed	 using	 quantitative	 spatial	 analysis	 to	 test	 these	 perceived	characteristics	 and	 to	 look	 for	 further	 attributes	 that	may	 distinguish	 different	 knapper	stances.			‘Spatial	 tools’	 in	ArcGIS	was	used	 to	measure	directionality	using	a	 standard	deviational	ellipse.	The	results	are	presented	graphically	in	Figure	57	and	in	Table	16.	The	longer	and	narrower	the	ellipse	the	more	directional	the	spatial	patterning	of	the	artefact	scatters.	This	analysis	shows	there	is	a	degree	of	directionality	for	all	experiments.		Since	 the	 scatters	were	produced	 experimentally,	 the	 position	 of	 the	 knapper	 is	 known.	With	 this	 knowledge	 a	 clear	 pattern	 between	 the	 hand	 used	 to	 hold	 the	 hammerstone	(handedness)	and	the	directionality	of	the	scatter	can	be	confirmed.	For	experiments	1	and	2	(squatting	and	knapping	in	front	of	the	body	with	the	core	resting	on	the	ground)	there	is	an	oval	shaped	cluster	in	front	and	slightly	to	the	side	of	the	knapper	and	a	distinct	linear	spread	 between	 126o	 and	 140o	 outwards	 from	 the	 side	 holding	 the	 hammerstone.	 The	artefacts	extend	only	0.4-0.5m	directly	in	front	of	the	knapper	but	are	up	to	1.1-1.2m	behind	(southwards	of)	the	knapper’s	toes.	At	the	tail	end	of	the	scatter	furthest	from	the	knapper	there	is	a	spread	of	artefacts	between	1.9	and	1.4m	wide.		
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	Experiments	3	and	4	which	were	conducted	using	the	reverse	knapping	technique	produce	a	very	different	spatial	pattern	from	the	other	experiments.	The	main	cluster	of	artefacts	is	beside	the	knapper	rather	than	in	front,	and	the	spread	of	artefacts	goes	behind	the	knapper	at	an	angle	of	around	130-140o.	The	cluster	and	spread,	outwards	from	the	knapper,	occurs	on	the	opposite	site	from	the	hammerstone,	and	this	is	the	main	point	of	difference	between	the	patterns	observed	in	reverse	knapping	and	other	stances.	This	pattern	is	similar	to	that	recorded	ethnographically	by	Hiscock	(2005a)	for	reverse	knapping.			
	Figure	57:	Directional	distribution	(2	standard	deviations)	for	all	eight	knapping	experiments		 Table	16:	Standard	deviation	distance	along		long	and	short	axis	for	experiments	
Experiment	 Long	Axis	
StdDist	(m)	
Short	Axis	
StdDist	(m)	
Long	Axis	StdDist/	
Short	Axis	StdDist	
1	 2.060	 0.603	 3.416	
2	 2.056	 0.963	 2.135	
3	 1.305	 0.641	 2.036	
4	 2.073	 0.745	 2.783	
5	 0.761	 0.528	 1.441	
6	 1.413	 0.951	 1.486	
7	 1.562	 0.824	 1.896	
8	 1.489	 0.663	 2.246			
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Distinguishing	the	artefact	patterning	resulting	from	forward	Experiments	1	and	2	and	from	reverse	knapping	Experiments	3	and	4	becomes	difficult	once	the	location	of	the	knapper	is	removed	from	the	data,	as	is	the	case	with	real	archaeological	sites.	One	subtle	difference	is	a	 distinguishable	 edge	 to	 the	 scatter	 where	 it	 is	 beside	 the	 knapper	 using	 the	 reverse	technique.	This	is	particularly	apparent	in	Experiment	4	(Figure	51)	and	probably	due	to	the	side	of	the	body	and	legs	acting	as	a	barrier	to	the	movement	of	artefacts.	This	effect	however	was	 less	 clear	 in	Experiment	3,	 so	 it	 can	be	 concluded	 this	 is	not	 a	 completely	reliable	indicator	of	stance.			The	 stance	of	 kneeling	with	 the	 core	 resting	on	 the	ground	used	 in	Experiment	5	 and	6	produces	 a	 similar	 pattern	 to	 Experiment	 1	 and	 2	 with	 regards	 to	 directionality	 and	handedness.	Differences	between	these	two	stances	however	are	that	in	this	instance	the	artefacts	are	spread	further	in	front	of	the	knapper	in	the	main	concentration	(0.8m	–	1.2m).	There	also	appears	to	be	a	more	abrupt	edge	between	the	main	artefact	concentration	and	where	the	knapper’s	body	would	have	been.	This	is	probably	because	the	upper	legs	and	torso	of	the	knapper	acted	as	a	more	effective	barrier	to	artefacts	during	knapping	than	is	the	case	in	the	squatting	position.	Artefacts	appear	to	have	travelled	less	distance	from	the	knapper	than	in	the	squatting	position	although	this	is	somewhat	circumstantial	as	there	is	a	high	degree	of	variation	in	this	variable	between	the	left	and	right-handed	experiments	and	 this	aspect	of	knapper	stance	should	be	studied	 further	 in	 the	 future.	The	spread	of	artefacts	outwards	 from	 the	knapper	on	 the	hammerstone	hand	 side	 also	 appears	 to	be	directed	backwards	at	a	lower	angle	than	occurs	in	the	squatting	stances	of	Experiments	1	and	 2.	 Ignoring	 a	 single	 outlier	 flake,	 the	 angle	 of	 the	 outer	 flakes	 from	 the	 knapper	 is	between	84o	and	90o	in	both	experiments,	with	a	slight	angle	forwards	from	the	knapper,	rather	than	behind,	as	with	the	squatting	stance	Experiments	1	and	2.			Experiment	7	is	an	anomaly	in	this	analysis	as	it	has	a	strong	directional	distribution	but	it	is	in	the	opposite	direction	from	that	which	would	be	expected	knowing	it	was	produced	by	right	 handed	 knapping	 using	 a	 forward	 facing	 technique	 (standing).	 The	 skew	 of	 the	artefacts	is	behind	the	knapper	and	somewhat	to	the	left.	It	is	likely	that	due	to	the	height	of	the	knapper	in	this	experiment	the	artefact	distribution	is	much	more	random	and	that	any	directionality	is	coincidence	only.	This	should	be	tested	in	the	future,	but	if	significantly	more	 artefacts	 were	 made	 whilst	 knapping	 in	 this	 position	 it	 is	 most	 likely	 that	 no	directionality	 to	 the	 scatter	would	 be	 observed,	 and	 that	 artefacts	would	 be	 distributed	evenly	in	all	directions.	This	was	the	finding	in	previous	experiments	using	this	technique	(Newcomer	and	Sieveking	1980).			
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For	Experiment	8,	which	was	conducted	squatting,	and	knapping	a	smaller	core	held	in	the	hand,	the	directional	pattern	is	very	similar	to	that	produced	squatting,	and	knapping	with	the	core	on	the	ground.	There	is	a	concentration	of	artefacts	directly	in	front	of	the	knapper	although	these	are	spread	over	less	distance	outwards	than	those	produced	in	Experiments	1	 and	2,	 in	 this	 instance	 at	 only	0.2m	 from	 the	knapper’s	 toes.	 The	 artefacts	 are	 spread	outwards	 from	 the	 knapper	 at	 an	 angle	 between	 120o	 and	 140o	 on	 the	 side	 of	 the	hammerstone	hand.			
	Figure	58:	Standard	Deviational	Ellipse	Analysis	of		Knapping	Experiments	Artefact	Distribution			Since	 the	 direction	 in	 which	 the	 knapper	 was	 facing	 would	 not	 be	 known	 in	 an	archaeological	 context,	 the	 data	 from	 the	 directional	 distribution	 ellipse	 analysis	 was	translated	into	a	long	and	short	axis	for	each	experimental	result	(Table	16).	Plotting	these	in	graphical	form	(Figure	58)	shows	there	is	not	much	consistency	between	experiments	using	the	same	stance.	The	only	patterning	is	that	Experiments	1	and	2	(squatting,	forward	knapping)	have	roughly	equal	long	axis	values	but	differ	in	the	short	axis,	demonstrating	one	experiment	(2)	had	artefacts	spread	further	beyond	the	dominant	linear	direction.	This	analysis	indicates	that	although	linear	directional	distribution	can	be	helpful	in	identifying	handedness,	 it	 is	 not	 a	 suitable	 method	 for	 distinguishing	 between	 different	 knapping	stances	used.	The	completely	opposite	patterns	created	from	reverse	and	forward	knapping	techniques	however	mean	that	other	methods	are	necessary	to	distinguish	the	knapping	stance	used	as	the	first	parameter,	before	handedness	can	be	interpreted	from	the	linear	distribution	of	artefacts.			
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Spatial	Sorting	of	Artefacts	by	Weight	The	spatial	distribution	of	artefacts	of	different	weight	classes	was	analysed	to	see	if	there	are	patterns	produced	by	different	knapping	stances.	The	weight	classes	used	are:	1	=	0.01-4.99g	2	=	5g	–	49.99	3=	50g+		The	frequency	of	artefacts	of	each	weight	class	and	their	distance	from	the	scatter	centroid	are	presented	in	Figure	59	to	Figure	66.	In	all	the	experiments	the	smallest	weight	class	(1)	has	the	largest	range	of	distance.	There	is	a	significant	difference	in	the	distance	range	of	class	 2	 and	 3	 artefacts	 for	 the	 different	 knapping	 stances.	 In	 the	 reverse	 knapping	experiments	(Experiments	3	and	4,	shown	in	Figure	61	and	Figure	62)	in	contrast	to	all	the	forward	knapping	methods,	weight	class	3	artefacts	have	the	widest	distribution	after	class	1.	In	comparison	the	forward	knapping	methods	result	in	the	smallest	distribution	for	these	largest	(class	3)	artefacts.			This	is	a	significant	finding	for	identifying	knapping	floors	produced	by	reverse	knapping	techniques,	which	in	turn	may	assist	in	identifying	handedness	through	directionality	which	is	dependent	on	stance.	Additionally,	this	is	a	very	useful	model	for	interpreting	stance	as	it	relies	 on	 the	 largest	 artefacts	 in	 the	 knapping	 assemblage,	 and	 these	 have	 been	demonstrated	 previously,	 in	 the	 taphonomic	 modelling,	 to	 be	 the	 most	 stable	 in	 their	position	and	not	displaced	by	erosion.			
	Figure	59:	Frequency	chart	of	artefacts	from	Experiment	1	by	weight	code	and	distance	from	mean	centroid	
					
	Figure	60:	Frequency	chart	of	artefacts	from	Experiment	2	by	weight	code	and	distance	from	mean	centroid		
	Figure	61:	Frequency	chart	of	artefacts	from	Experiment	3	by	weight	code	and	distance	from	mean	centroid		
				
	Figure	62:	Frequency	chart	of	artefacts	from	Experiment	4	by	weight	code	and	distance	from	mean	centroid	
	Figure	63:	Frequency	chart	of	Artefacts	from	Experiment	5	by	weight	code	and	distance	from	mean	centroid		
			
	Figure	64:	Frequency	chart	of	Artefacts	from	Experiment	7	by	weight	code	and	distance	from	mean	centroid	
		
	Figure	65:	Frequency	chart	of	Artefacts	from		Experiment	6	by	weight	code	and	distance	from	mean	centroid	
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	Figure	66:	Frequency	chart	of	Artefacts	from	Experiment	8	by	weight	code	and	distance	from	mean	centroid	
	
	
	
Summary	and	Interpretation	of	Knapping	Experiment	Results	These	 knapping	 experiments	 have	 been	 successful	 in	 highlighting	 a	 number	 of	distinguishing	 characteristics	 between	 different	 knapping	 stances,	 previously	 described	ethnographically,	as	well	as	differences	in	handedness.	Figure	67	demonstrates	a	summary	interpretation	of	the	spatial	patterning	of	artefacts	produced	from	the	different	stances.			The	 following	 characteristics	were	 found	 to	 distinguish	 between	different	 key	 knapping	behaviours:		
Core	in	Hand	vs	Core	on	the	Ground	The	key	difference	observed	in	the	experiments	was	that	a	greater	percentage	of	the	site	assemblage	was	present	in	the	hotspot	in	front	of	the	knapper	when	the	core	was	knapped	resting	on	the	ground	(64.1-76.5%).	Interpreting	this	variable	in	an	archaeological	context	would	 also	 benefit	 from	 a	 common-sense	 approach,	 as	 cores	 over	 a	 certain	 size	 would	become	 impossible	 to	 knap	 without	 ground	 support.	 Likewise,	 the	 precision	 needed	 to	control	the	flaking	of	a	smaller	core	would	be	best	achieved	either	by	holding	the	core	in	the	hand	or	through	the	use	of	an	anvil,	which	would	leave	evidence	of	bipolar	flaking.			
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a) 	
b) 	
c)	 	Figure	67:	Illustration	of	Shape	of	Artefact	Scatter	from	Various	Knapper	Stances.	a)	Standing	b)	Reverse	knapping	c)	Forward	Knapping	techniques	with	core	on	ground	which	includes	both	kneeling	and	squatting	stances		
Left	vs	Right	Hand	Knapping	Handedness	played	a	significant	role	in	determining	the	directionality	of	the	scatters	for	all	stances	expect	standing.	For	these	techniques	there	 is	a	clear	cluster	beside	the	knapper	(usually	at	the	scatter	centroid	as	this	concentration	contains	the	large	majority	of	artefacts)	and	then	a	trail	of	artefacts	outwards.	The	direction	of	this	trail	is	determined	both	by	the	hand	used	with	the	hammerstone	and	whether	a	forward	or	reverse	knapping	technique	was	used.	For	forward	knapping	techniques	this	trail	is	directed	outwards	from	the	knapper	on	the	hammerstone	hand	side.	For	reverse	knapping	the	trail	is	directed	on	the	opposite	side	from	the	hammerstone	hand	in	a	predominantly	backward	direction	from	the	knapper.				
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Kneeling,	Standing	and	Squatting	Stances	Knapping	whilst	standing	produced	unreliable	distribution	directionality	and	with	enough	artefacts	it	is	hypothesised	that	no	directionality	would	be	present	as	was	the	case	in	other	experiments	(Newcomer	and	Sieveking	1980).	As	standing	requires	the	core	to	be	held	in	the	hand	and	therefore	the	knapping	to	take	place	at	a	point	higher	from	the	ground,	this	produces	a	lower	percentage	of	the	total	assemblage	within	the	smallest	cluster	hotspot	in	front	of	the	knapper.		In	 contrast	 squatting	and	kneeling	 stances	 create	a	higher	percentage	of	artefacts	 in	 the	cluster	hotspot.	Squatting	whilst	forward-knapping	in	particular	creates	the	largest,	lowest	density	 cluster	 hotspots.	 The	 artefacts	 extending	 outwards	 from	 the	main	 cluster	 at	 the	centroid	may	be	spread	further	than	kneeling	stances,	to	a	similar	degree	to	that	resulting	from	a	kneeling	reverse-knapping	technique.		The	 experiments	 conducted	with	 forward	knapping	whilst	 kneeling	had	 variable	 results	between	 those	 experiments,	 however	 when	 compared	 to	 forward	 knapping	 whilst	squatting	they	had	a	much	smaller	and	denser	hotspot	cluster	of	artefacts.	This	was	within	the	range	produced	during	 the	reverse	knapping	 technique	but	 there	are	other	methods	that	 can	 be	 used	 to	 distinguish	 reverse	 knapping	 from	 forward	 knapping	 as	 discussed	below.		The	shape	of	the	spread	of	artefacts	produced	by	knapping	whilst	kneeling	was	distinctive	with	a	greater	width	extending	out	from	the	knapper’s	position	and	a	clear	edge	on	the	side	closest	 to	 the	 knapper’s	 body	due	 to	 the	 boundary-creating	 effect	 of	 the	 knapper’s	 legs,	when	compared	with	other	stances.		
Reverse	vs	Forward	Knapping	The	characteristics	described	above	clearly	separate	the	reverse	knapping	technique	from	most	forward	knapping	techniques.	There	are	however	many	similarities	between	forward	knapping	 while	 kneeling	 and	 a	 reverse	 knapping	 method	 which	 was	 undertaken	 while	kneeling.	 Reverse	 knapping	 can	 be	 distinguished	 however	 by	 a	 linear	 edge	 to	 the	main	concentration	at	the	centroid,	that	is	produced	by	the	leg	and	torso	acting	as	a	barrier	to	flake	fall.	This	may	not	be	a	reliable	attribute	in	archaeological	sites	as	it	is	a	pattern	that	could	disappear	with	minor	taphonomic	disturbance.	Size	sorting	in	such	settings	provides	a	 distinguishing	 factor	 to	 differentiate	 reverse	 knapping	 assemblages	 from	 all	 forward	knapped	assemblages.	It	results	 in	a	spread	of	artefacts	 into	different	size	grades.	For	all	forward	knapped	assemblages	weight	class	1	(0.01-4.99g)	artefacts	had	the	widest	spread	
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from	 the	 scatter	 centroid	 followed	 by	 class	 2	 (5g-49.99g)	 and	 class	 3	 (50g+).	 For	 both	reverse	 knapping	 experiments	 however	 the	 class	 1	 artefacts	 had	 the	 greatest	 spread	followed	 by	 class	 3	 then	 class	 2.	 This	 is	 probably	 due	 to	 an	 increased	 force	 possible	 to	achieve	 using	 a	 reverse	 knapping	 position	 that	 provides	 greater	 momentum	 to	 larger	artefacts.		
Conclusions	
	This	chapter	has	described	the	outcomes	of	studies	of	the	natural	and	cultural	site	formation	processes	that	are	part	of	the	life-history	of	knapping	sites	in	gibber	plain	environments.	Two	models	have	been	created	by	this	work	that	can	be	used	to	interpret	archaeological	observations.	The	first	was	a	list	of	site	and	context	attributes	that	identify	archaeological	sites	 with	 the	 highest	 likelihood	 of	 intra-site	 spatial	 stability.	 These	 attributes	 are	 a	significant	distance	from	active	gilgai,	a	gibber	clast	coverage	exceeding	50%	and	a	softer	ground	surface	(rather	than	hard-pan).	Larger	artefacts	are	less	likely	to	be	moved	but	it	is	expected	 that	 even	 in	 the	 most	 stable	 gibber	 contexts,	 the	 smallest	 artefact	 fraction,	including	 microdebitage,	 may	 be	 missing	 from	 sites	 due	 to	 removal	 by	 erosion.	 Site	clustering	of	≤0.61m	is	the	final	test	and	is	a	good	indication	of	site	stability	and	of	a	single	knapping	event	as	the	site’s	formation	history.		The	second	interpretive	model	relates	to	intra-site	spatial	patterns	produced	by	the	action	of	 knapping.	 These	 includes	 structural	 features,	 distributional	 directionality,	 clustering	characteristics	and	size	sorting	of	artefacts	that	distinguish	different	knapper	stances	and	left	and	right	handedness.			Both	of	these	models	have	potential	application	for	spatial	interpretation	of	knapping	floors	and	desert	pavement	 archaeological	 sites	 generally.	This	 research	also	has	provided	 the	first	experimental	testing	of	artefact	distributions	of	several	knapping	stances,	particularly	the	reverse	knapping	technique,	 that	have	been	overlooked	 in	previous	 literature.	These	results	support	the	ethnographic	observations	by	Hiscock	(2005a)	that	reverse	knapping	produces	an	opposite	directionality	 to	 forward	knapping	techniques.	This	has	significant	implications	 for	 interpreting	 knapper	 handedness	 	 from	 directionality,	 as	 has	 been	attempted	in	the	previous	literature	(Karlin	and	Newcomer	1982;	Newcomer	and	Sieveking	1980)	but	without	this	consideration.	Size	sorting	analysis	has	been	demonstrated	by	this	research	to	be	the	key	method	to	test	sites	for	this	knapping	technique.			
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This	spatial	analysis	research	continues	in	Chapter	7	in	which	these	interpretative	models	have	been	applied	for	the	analysis	of	the	study	area	knapping	floor	sites.	This	provides	a	demonstration	of	the	effectiveness	of	experimental	models	for	archaeological	application,	and	tests	the	research	potential	of	knapping	floor	sites	to	preserve	high-resolution	details	in	the	spatial	record	of	individual	knapping	events	and	knappers	
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6	|	Stone	Artefact	Technology	of	
Gibber	Plain	Knapping	Floors	
	This	 chapter	 presents	 results	 from	 the	 technological	 analysis	 of	 the	 Gibber	 quartzite	knapping	floor	assemblages,	which	play	a	key	role	in	addressing	the	first	aim	of	this	thesis,	understanding	the	organisation	of	technology	in	the	study	area	using	knapping	floors.			Following	a	brief	and	general	description	of	the	knapping	floor	assemblages,	the	analysis	and	interpretation	focus	on	characterising	the	technological	lifecycle	of	quartzite	artefacts	in	the	gibber	plain.	This	includes	the	initial	nodule	selection,	the	knapping	strategy	used	to	make	artefacts,	the	abandonment	of	the	core	at	the	completion	of	knapping	and	the	removal	of	 select	 artefacts	 from	 the	 site.	The	 research	also	 focuses	on	 testing	 the	 specific	 role	of	nodule	 form,	 a	 standardised	 intended	 artefact	 output,	 problem	 solving	 actions	 by	individuals	and	individual	knapper	habit.					
General	Description	of	the	Gibber	Plain	Knapping	Floor	Sites	and	
their	Assemblages		A	total	of	46	gibber	plain	knapping	floors	were	sampled	within	the	Study	Area.	The	general	characteristics	 of	 each	 site	 and	 its	 assemblage	 are	 presented	 in	 Table	 17.	 Site	 area	 and	density	calculations	are	most	accurate	for	piece	plotted	sites	(N=22)	so	these	are	presented	separately	in	Table	18.	There	was	an	average	site	area	of	2.43m2	and	a	mean	artefact	density	of	55.91/m2.	The	artefact	counts	for	all	46	knapping	floor	sites	are	presented	in	18.	This	shows	there	was	a	mean	artefact	number	of	61.56	+/-	39.51.		Artefact	analysis	of	the	quartzite	flakes	found	that	approximately	half	the	flakes	from	the	knapping	 floor	 are	 complete	 (Table	 17).	 A	 relatively	 high	percentage	 (18%)	of	 the	 total	assemblage	comprised	longitudinal	cone-split	flake	fragments	(LCS).	These	fragments	are	associated	 with	 a	 high	 degree	 of	 force	 applied	 to	 the	 nodule	 when	 knapping	 (Clarkson	2007:30).	Table	19	also	presents	mean	flake	attributes	which	may	relate	to	the	degree	of	core	reduction	such	as	cortex	cover	and	flake	dorsal	scars.	Note	that	sites	with	no	data	for	certain	 attributes	 are	 those	 analysed	 to	 only	 the	 basic	 level	 of	 detail	 (see	 Appendix	 1).	Artefact	attributes	are	analysed	in	greater	detail	in	association	with	the	refitting	and	core	analysis	presented	below.
	Table	17:	Quartzite	knapping	floor	site	assemblages	
Site	#	 Total	#	
artefacts	
#	Quartzite	
flakes	and	
fragments	
Quartzite	flake	
and	fragment	
total	wt	(g)	
Min.	#	
flakes	
(MNF)	
#	
Cores	
Total	quartzite	
artefact	
weight	(g)	
#	
Hammers	
#	Associated	
artefacts	
Estimated	
mean	nodule	
wt	(g)	
Site	
area	
(m2)1	
Artefact	
density	
(#/m2)	
ODX_05805	 196	 190	 7632	 129	 5	 11679.00	 1	 0	 2335.80	 19.5	 52.97	
ODX_05815	 30	 29	 4459	 11	 1	 5782.00	 0	 0	 5782.00	 0.6	 50.00	
ODX_05822	 35	 31	 3604	 24	 1	 9505.00	 3	 0	 9505.00	 2.3	 15.22	
ODX_05827	 78	 63	 3747	 38	 6	 9391.00	 1	 8	 1565.17	 144	 0.54	
ODX_05828	 33	 31	 1705	 14	 2	 2859.00	 0	 0	 1429.50	 100	 0.33	
ODX_05834	 32	 29	 698	 16	 2	 2097.00	 1	 0	 1048.50	 0.4	 80.00	
ODX_05857	 53	 52	 2829	 28	 1	 4116.00	 0	 0	 4116.00	 1.2	 44.17	
ODX_05859	 57	 53	 5065	 23	 1	 8622.00	 3	 0	 8622.00	 16	 3.56	
ODX_05905	 44	 42	 3667	 27	 2	 5347.00	 0	 0	 2673.50	 9	 4.89	
ODX_05918	 16	 14	 1410	 8	 1	 3284.00	 1	 0	 3284.00	 0.8	 20.00	
ODX_05932	 228	 214	 16760	 142	 9	 45198.00	 4	 1	 5022.00	 148.9	 1.53	
ODX_06930	 24	 23	 3009	 13	 1	 4166.00	 0	 0	 4166.00	 4	 6.00	
ODX_06931	 63	 60	 3839	 34	 2	 6795.00	 1	 0	 3397.50	 4	 15.75	
ODX_06932	 99	 94	 7892	 33	 3	 12144.00	 2	 0	 4048.00	 1.7	 58.24	
ODX_06968	 3	 2	 731	 2	 1	 2883.00	 0	 0	 2883.00	 1	 3.00	
ODX_06979	 37	 34	 7097	 26	 3	 8517.00	 0	 0	 2839.00	 9	 4.11	
ODX_06981	 36	 33	 5114	 24	 2	 11517.00	 1	 0	 5758.50	 0.2	 180.00	
ODX_06998	 47	 43	 10332	 32	 1	 15822.00	 3	 0	 15822.00	 3.3	 14.24	
ODX_11728	 25	 24	 2957	 11	 1	 8174.00	 0	 0	 8174.00	 1	 25.00	
ODX_11729	 50	 48	 1916	 33	 2	 13826.00	 0	 0	 6913.00	 25	 2.00	
ODX_11731	 22	 19	 4116	 18	 3	 6464.00	 0	 0	 2154.67	 25	 0.88	
ODX_11734	 72	 66	 3291	 47	 5	 19762.00	 1	 0	 3952.40	 0.9	 80.00	
ODX_11735	 24	 20	 1514	 15	 1	 5773.00	 2	 1	 5773.00	 0.7	 34.29	
ODX_11738	 89	 86	 5846	 46	 3	 10585.00	 1	 0	 3528.33	 1.9	 46.84	
ODX_11775	 35	 30	 1631	 27	 4	 4202.00	 1	 0	 1050.50	 25	 1.40	
ODX_11778	 10	 8	 1314	 5	 2	 3825.00	 0	 0	 1912.50	 1	 10.00	
ODX_11782	 42	 38	 1338	 23	 3	 6167.00	 1	 0	 2055.67	 2.1	 20.00	
ODX_12202	 34	 32	 2424.8	 26	 1	 2729.1	 0	 1	 2729.1	 63.3	 0.54	
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#	Quartzite	
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Quartzite	flake	
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total	wt	(g)	
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(MNF)	
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#	
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artefacts	
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area	
(m2)1	
Artefact	
density	
(#/m2)	
ODX_12525	 88	 78	 5153	 57	 7	 12919.00	 2	 1	 1845.57	 18.4	 4.78	
ODX_12526	 7	 3	 1451	 1	 3	 6323.00	 1	 0	 2107.67	 3.7	 1.89	
ODX_13014	 28	 26	 1351	 20	 1	 2157.00	 1	 0	 2157.00	 2.7	 10.37	
ODX_13019	 35	 34	 3245	 16	 1	 3286.00	 0	 0	 3286.00	 64	 0.55	
ODX_13020	 92	 90	 4476	 51	 1	 4907.00	 1	 0	 4907.00	 49	 1.88	
ODX_13021	 95	 92	 20032	 68	 3	 27751.00	 0	 0	 9250.33	 6.3	 15.08	
ODX_13392	 80	 78	 4987	 57	 1	 6467.00	 1	 0	 6467.00	 0.4	 200.00	
ODX_13394	 168	 163	 12711	 128	 3	 16298.00	 1	 1	 5432.67	 2.9	 57.93	
ODX_13396	 110	 107	 1069	 70	 3	 3778.00	 0	 0	 1259.33	 0.8	 137.50	
ODX_13397	 45	 40	 1458	 30	 3	 8743.00	 2	 0	 2914.33	 25	 1.80	
ODX_13398	 42	 37	 2435	 28	 5	 6849.00	 0	 0	 1369.80	 25	 1.68	
ODX_13399	 48	 42	 3770	 27	 3	 19482.00	 3	 0	 6494.00	 0.6	 80.00	
ODX_13478	 80	 78	 5594	 63	 2	 16351.00	 0	 0	 8175.50	 7.5	 10.67	
ODX_13479	 50	 46	 3571	 33	 3	 6616.00	 1	 0	 2205.33	 9.5	 5.26	
ODX_13480	 26	 22	 1517	 12	 4	 10457.00	 0	 0	 2614.25	 25	 1.04	
ODX_13481	 17	 13	 5964	 8	 3	 13186.00	 1	 0	 4395.33	 1	 17.00	
ODX_15556	 43	 41	 2158	 31	 1	 3649.00	 1	 0	 3649.00	 0.7	 61.43	
ODX_15745	 54	 51	 4168	 27	 1	 8008.00	 1	 1	 8008.00	 1.8	 30.00	
ODX_15750	 88	 86	 5005	 62	 2	 12845.00	 0	 0	 6422.50	 13.5	 6.52	
SUM	 1108.00	 1049.00	 84962.00	 732.00	 43.00	 177153.00	 14.00	 2.00	 81115.04	 869.60	 	
MEAN	 61.56	 58.28	 4720.11	 40.67	 2.39	 9841.83	 0.78	 0.11	 4506.39	 18.50	 35.59	
MEDIAN	 49.00	 44.00	 3670.50	 30.50	 3.00	 7428.50	 1.00	 0.00	 4022.17	 3.70	 10.52	
SD	 39.51	 39.58	 4687.85	 30.54	 1.20	 6719.23	 0.81	 0.32	 2497.23	 33.84	 54.97	1	Sites	with	site	area	recorded	in	a	grey	box	are	single	square	pickup	sites	and	thus	are	overestimates	of	the	true	site	area	and	should	not	be	compared	with	piece	plotted	sites.	 		
	Table	18:	Artefact	numbers,	site	area	and	artefact	density	for	single	cluster	piece	plotted	quartzite	knapping	floor	sites.	N=23	
	 Minimum	 Maximum	 Mean	 Std.	Deviation	 Median	
Number	of	artefacts	 7	 196	 66.00	 45.47	 51	
Site	area	(m2)	 0.20	 9.50	 2.43	 2.41	 2	
Artefact	density	(no./m2)	 1.89	 200.00	 55.91	 53.06	 32.14		 Table	19:	Mean	flake	attributes	of	knapping	floor	assemblages	
Site	#	 N	 Total	
flake	wt	
(g)	
%	Whole	
Flakes	
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Frags	
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Flake	Wt	(g)	
SD	Flake	
Wt	(g)	
Percussive	
Flake	L	
(mm)	
SD	
Flake	L	
Striking	
Platform	Area	
(mm2)	
SD	Striking	
Platform	Area	
(mm2)	
SP	
Cortex	%	
Dorsal	
Cortex	%	
#	Dorsal	
Scars	
ODX_05805	 190	 7632	 49.5	 27.9	 58.41	 109.16	 	 	 	 	 	 	 	
ODX_05815	 29	 4459	 44.8	 17.2	 283.46	 483.91	 69.79	 57.63	 546.94	 601.05	 12.5	 44.00	 2.06	
ODX_05822	 31	 3604	 71.0	 12.9	 153.09	 212.35	 	 	 	 	 	 	 	
ODX_05827	 63	 3747	 52.4	 20.6	 76.09	 132.24	 52.37	 21.52	 261.29	 261.07	 51.85	 34.45	 1.55	
ODX_05828	 31	 1705	 48.4	 35.5	 46.40	 28.02	 50.58	 23.31	 372.14	 406.73	 61.03	 41.67	 1.1	
ODX_05834	 29	 698	 41.4	 27.6	 41.67	 35.15	 43.26	 15.59	 257.92	 159.84	 45.83	 20.21	 1.88	
ODX_05857	 52	 2829	 50.0	 11.5	 88.12	 74.19	 55.81	 29.31	 461.51	 755.63	 38.46	 33.03	 1.97	
ODX_05859	 53	 5065	 49.1	 15.1	 173.69	 229.07	 63.03	 37.79	 578.61	 740.26	 22.61	 28.57	 1.97	
ODX_05905	 42	 3667	 52.4	 16.7	 136.95	 150.61	 54.75	 32.76	 337.11	 510.23	 14.29	 23.57	 1.66	
ODX_05918	 14	 1410	 35.7	 7.1	 199.80	 300.79	 78.50	 35.13	 319.00	 238.42	 0	 32.22	 1.56	
ODX_05932	 214	 16760	 49.1	 17.8	 91.05	 137.49	 	 	 	 	 	 	 	
ODX_06930	 23	 3009	 47.8	 8.7	 194.18	 119.15	 78.62	 44.95	 557.47	 408.12	 20	 32.00	 2.4	
ODX_06931	 60	 3839	 41.7	 11.7	 131.80	 170.65	 56.41	 41.82	 342.88	 512.90	 85.71	 33.14	 2.02	
ODX_06932	 94	 7892	 23.4	 22.3	 83.32	 159.48	 46.12	 31.87	 604.07	 701.35	 19.43	 30.97	 1.71	
ODX_06968	 2	 731	 100	 0	 365.50	 287.79	 114.00	 45.25	 743.00	 100.41	 50.00	 69.50	 1.5	
ODX_06979	 34	 7097	 47.1	 5.9	 346.50	 460.38	 	 	 	 	 	 	 	
ODX_06981	 33	 5114	 51.5	 18.2	 262.12	 417.54	 	 	 	 	 	 	 	
ODX_06998	 43	 10332	 53.5	 18.6	 289.43	 415.66	 	 	 	 	 	 	 	
ODX_11728	 24	 2957	 45.8	 16.7	 199.82	 295.89	 67.20	 49.17	 568.31	 708.23	 73.44	 21.76	 2.00	
ODX_11729	 48	 1916	 54.2	 12.5	 51.92	 65.74	 	 	 	 	 	 	 	
ODX_11731	 19	 4116	 73.7	 10.5	 259.79	 199.51	 	 	 	 	 	 	 	
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ODX_11734	 66	 3291	 48.5	 19.7	 77.06	 153.25	 	 	 	 	 	 	 	
ODX_11735	 20	 1514	 55.0	 10.0	 68.73	 61.73	 67.38	 28.84	 467.35	 453.22	 5.71	 40.00	 2.13	
ODX_11738	 86	 5846	 46.5	 10.5	 119.82	 189.48	 55.57	 37.90	 328.60	 413.11	 20.69	 33.23	 2.07	
ODX_11775	 30	 1631	 53.3	 33.3	 92.06	 115.19	 	 	 	 	 	 	 	
ODX_11778	 8	 1314	 62.5	 0	 223.20	 206.59	 80.60	 23.63	 716.33	 560.21	 66.67	 61.67	 2.17	
ODX_11782	 38	 1338	 50.0	 15.8	 59.53	 84.54	 49.72	 27.07	 284.50	 394.14	 12.12	 21.36	 2.42	
ODX_12202	 32	 2440	 59.3	 15.6	 77.47	 71.44	 49.93	 18.80	 613.92	 19.93	 32.76	 50.37	 1.53	
ODX_12525	 78	 5153	 48.7	 23.1	 112.13	 181.89	 	 	 	 	 	 	 	
ODX_12526	 3	 1451	 33.3	 66.7	 1439.00	 .	 73.67	 88.62	 1401.50	 2613.05	 75	 50.00	 0.5	
ODX_13014	 26	 1351	 76.9	 0	 59.75	 51.78	 60.35	 15.83	 515.19	 1481.45	 4.81	 40.24	 2.95	
ODX_13019	 34	 3245	 47.1	 8.8	 108.44	 93.60	 51.37	 20.70	 660.18	 926.66	 9.09	 28.23	 2.5	
ODX_13020	 90	 4476	 53.3	 16.7	 64.19	 70.22	 47.00	 21.83	 393.91	 497.64	 13.09	 9.49	 2.94	
ODX_13021	 92	 20032	 48.9	 19.6	 296.58	 481.50	 	 	 	 	 	 	 	
ODX_13392	 78	 4987	 48.7	 30.8	 111.47	 195.90	 	 	 	 	 	 	 	
ODX_13394	 163	 12711	 60.1	 11.7	 113.40	 164.36	 	 	 	 	 	 	 	
ODX_13396	 107	 1069	 47.7	 20.6	 14.06	 27.72	 	 	 	 	 	 	 	
ODX_13397	 40	 1458	 55.0	 27.5	 42.41	 37.23	 	 	 	 	 	 	 	
ODX_13398	 37	 2435	 73.0	 13.5	 79.63	 104.81	 51.78	 22.84	 474.37	 564.10	 47.88	 28.57	 2.37	
ODX_13399	 42	 3770	 35.7	 21.4	 151.60	 216.03	 	 	 	 	 	 	 	
ODX_13478	 78	 5594	 50.0	 20.5	 100.72	 169.82	 	 	 	 	 	 	 	
ODX_13479	 46	 3571	 58.7	 13.0	 109.93	 107.52	 59.52	 26.44	 374.66	 404.78	 87.00	 22.86	 2.67	
ODX_13480	 22	 1517	 40.9	 18.2	 50.56	 68.59	 40.15	 23.13	 300.88	 264.93	 0	 18.06	 2.13	
ODX_13481	 13	 5964	 23.1	 23.1	 1559.33	 373.96	 	 	 	 	 	 	 	
ODX_15556	 41	 2158	 41.5	 41.5	 102.24	 122.11	 	 	 	 	 	 	 	
ODX_15745	 51	 4168	 37.3	 21.6	 97.95	 105.07	 	 	 	 	 	 	 	
ODX_15750	 86	 5005	 50.0	 18.6	 87.91	 149.86	 	 	 	 	 	 	 	
SUM	 2535	 206068.00	 	 	 	 	 	 	 	 	 	 	 	
MEAN	 53	 4384.43	 50.80	 18.23	 190.47	 175.85	 60.70	 32.87	 499.27	 587.90	 34.80	 33.97	 1.99	
MEDIAN	 41	 3604.00	 49.10	 17.20	 108.44	 150.24	 55.81	 28.84	 467.35	 497.64	 22.61	 32.22	 2.02	
SD	 44	 3886.69	 13.13	 11.29	 291.89	 124.00	 15.84	 15.92	 236.83	 515.43	 27.76	 13.67	 0.55	
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Of	 the	 quartzite	 artefacts,	 rates	 of	 retouch	 were	 rare	 amongst	 the	 knapping	 floor	assemblages.	A	total	of	2,817	quartzite	artefacts	(including	fragments)	were	collected	and	analysed	 from	 the	 gibber	 plain	 knapping	 floors	 and	 of	 these	 only	 58	 artefacts	 were	retouched	 (2%).	 All	 of	 these	 were	 amorphously	 retouched	 artefacts	 with	 no	 clear	characteristics	of	any	formal	artefact	type	(such	as	tulas,	backed	artefacts	or	points).	
	
Characteristics	of	Cores	A	 total	 of	 119	 cores	were	 collected	 from	 the	 knapping	 floor	 sites	 and	 of	 these	 34	were	analysed	at	the	highest	level	of	detail	(see	Appendix	2).			Many	 sites	 had	 more	 than	 one	 core,	 with	 numbers	 ranging	 from	 1	 to	 9	 (mean	 =	 2.39,	SD=1.20,	N=46).	This	suggests	that	multiple	nodules	were	being	knapped	at	that	location	(also	supported	by	the	refitting	analysis	presented	later	in	this	chapter).	It	should	be	noted	that	this	high	number	of	cores	is	not	representative	of	knapping	floors	in	the	gibber	plain	as	a	whole.	Knapping	floors	were	specifically	selected	in	part,	for	their	potential	for	refitting	analysis	that	included	the	presence	of	a	core.	Survey	results	in	the	study	area	revealed	that	46%	of	knapping	floors	in	the	gibber	plain	contained	cores	on	the	surface	and	54%	did	not.			Cores	 were	 characterised	 on	 the	 basis	 of	 the	 number	 of	 (remaining)	 definitive	 flaking	platforms	 present	 as	 either	 unidirectional	 (1	 platform),	 bidirectional	 (2	 platforms)	 or	multidirectional	(more	than	2	platforms).	As	shown	in	Figure	68	the	vast	majority	of	cores	(70.59%)	were	unidirectional	on	the	basis	of	this	analysis.			Core	 size	 varied	 considerably	 (see	 Table	 20)	 with	 a	 coefficient	 of	 variability	 (C.V)	 of	116.17%.	 In	 comparison	 cortex	 cover	was	 less	variable	 (C.V	=	50.95%)	with	most	 cores	abandoned	with	 an	 average	 of	 51.03%	 remaining	 cortex	 cover.	 This	may	 be	 due	 to	 the	knapping	 techniques	 used,	 but	 it	 also	 immediately	 suggests	 an	 overall	 low	 rate	 of	 raw	material	conservation.	It	also	suggests	that	core	size	is	directly	related	to	the	original	nodule	size	rather	than	being	due	to	differential	amounts	of	volume	reduction.	Therefore,	 larger	cores	may	have	come	from	larger	nodules	and	smaller	cores	from	smaller	nodules.	Both	of	these	interpretations	are	explored	in	much	greater	detail	with	refitting	analysis.				There	were	on	 average	 few	definitive	 flake	 scars	 remaining	on	 cores	 (mean	=	3.83),	 far	fewer	 than	 the	 numbers	 of	 flakes	 found	 at	 the	 knapping	 sites	 (Table	 19).	 This	 is	 not	unexpected	as	the	process	of	core	reduction	typically	removes	evidence	of	previous	flake	scars	 (in	 addition	 flaking	 platforms).	 Average	 core	 flaking	 platform	 angles	were	 overall	below	90	degrees.	Angles	<90	degrees	are	generally	preferred	for	knapping	as	this	reduces	the	required	force	to	produce	flakes	and	reduces	the	instance	of	problem	flake	terminations	
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and	maximises	potential	flake	length	(Dibble	and	Whittaker	1981;	Macgregor	2001).	This	is	explored	in	further	detail	in	the	interpretation	of	nodule/core	abandonment,	but	is	already	an	additional	indicator	that	raw	material	conservation	(utilising	the	maximum	potential	of	cores)	was	not	high.				
	Figure	68:	Distribution	of	core	types		 Table	20:	Cores	from	gibber	plain	knapping	floors	
	 N	 Min	 Max	 Mean	 SD	
Weight	(g)	 119	 12.69	 7809.00	 1497.65	 1739.85	
#	Platforms	 34	 1	 3	 1.35	 0.54	
%	Cortex	 34	 0	 90	 51.03	 26.62	
Volume	(mm2)	 34	 20097	 2253300	 600203.79	 512210.59	
Mean	Platform	Angle	 34	 40.00	 112.70	 77.05	 13.87	
#	flake	scars	visible	 34	 1	 11	 3.83	 2.59		
	
Characteristics	of	Hammerstones	A	total	of	45	quartzite	hammerstones	were	collected	from	the	knapping	floor	sites	with	17	analysed	at	a	high	level	of	detail.		The	average	number	of	hammerstones	in	knapping	floor	assemblages	was	0.89.	This	is	likely	to	be	greater	than	the	average	for	all	knapping	floors	in	the	 study	 area	 however,	 as	 selection	 of	 sites	 with	 hammerstones	 was	 part	 of	 the	 site	sampling	strategy	used.			In	total,	23.5%	of	hammers	had	one	or	more	negative	flake	scars,	a	sign	of	damage	from	use.	These	broken	hammerstones	may	have	been	discarded	at	the	knapping	sites	because	of	this	damage.	All	of	 the	hammerstones	were	spheroidal	 forms	with	no	artefacts	 that	could	be	
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characterised	as	prismatic.	Overall	hammerstones	(N=17)	were	divided	equally	between	oblate	(N=8)	and	prolate	(N=9)	spheroidal	forms	in	addition	to	one	hammerstone	that	is	best	described	as	a	sphere	(N=1)	(see	Appendix	2	for	definitions).	There	does	not	appear	to	be	 any	 particular	 preference	 between	 the	 oblate	 or	 prolate	 forms	 that	 dominated	 the	assemblage.	Figure	69	to	Figure	71	show	examples	of	hammerstones	of	each	of	these	forms.			The	location	of	impact	areas	on	hammerstones	in	relation	to	the	hammerstone	shape	were	examined	to	 look	for	potential	standardisation	 in	the	way	hammerstones	were	used	and	held	by	the	knappers	(Crabtree	1972).	Linear	regression	analysis	of	maximum	length	and	oriented	length	shows	a	clear	strong	positive	relationship	(see	Figure	72	and	Appendix	2	on	details	of	hammerstone	measurement)	indicating	most	commonly	the	oriented	length	is	very	close	to	the	maximum	length.	This	indicates	that	knappers	tended	to	hold	the	hammers	across	the	narrower	axis	and	swung	the	hammerstone	along	the	longer	axis	to	hit	the	core	at	the	ends	of	the	long	axis.	This	would	have	provided	the	smallest	possible	contact	surface	which	gives	greater	knapping	control	(Speth	1972)	and	the	greatest	potential	momentum	for	forceful	blows.				 Table	21:	Attributes	of	hammerstones	from	gibber	plain	knapping	floors	
	 N	 Min	 Max	 Mean	 Median	 SD	
Weight	(g)	 45	
	
34	 3895	 984.22	 699.00	
	
744.45	
Min	#	hits	 17	 2	 36	 19.65	 17.00	 10.16				
	Figure	69:	A	prolate	spheroid	hammerstone	from	ODX_11738	
	Figure	70:	An	irregular	oblate	spheroid	hammerstone	from	ODX_11735	
	Figure	71:	An	irregular	prolate	spheroid	hammerstone	from	ODX_05859	
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	Figure	72:	Hammerstone	orientated	length	versus	maximum	dimension		(N=17,	R2=	0.851,	r=0.922	p=0.000)	
	
	
Characteristics	of	Associated	Artefacts	Associated	artefacts	are	flakes,	cores	or	retouched	flakes	made	of	chert	or	silcrete	(or	any	other	 material	 that	 is	 not	 quartzite)	 which	 are	 found	 within	 the	 site	 area	 of	 quartzite	knapping	floors.	Because	of	their	raw	material	difference,	they	are	known	definitively	to	not	be	part	of	the	knapping	process	that	occurred	at	the	sites,	and	must	have	been	transported	and	discarded	at	these	locations	by	past	people.	Instances	of	these	artefacts	was	relatively	low.	Only	19	of	the	46	sites	had	one	or	more	associated	artefacts	with	the	average	being	only	0.11	artefacts/site.	This	 indicates	 that	knapping	 floor	assemblages	primarily	 reflect	quartzite	artefact	production	and	not	a	more	complex	variety	of	activities.	It	is	also	a	distinct	possibility	that	some	or	many	of	the	associated	artefacts	were	deposited	at	different	events	to	 the	main	 quartzite	 knapping	 floor	 assemblage	 and	 are	 part	 of	 a	 general	 background	scatter	 throughout	 the	 gibber	 plain.	 The	 following	 presents	 a	 description	 of	 the	characteristics	of	these	artefacts.			There	was	a	 total	of	58	associated	artefacts	collected	 from	knapping	 floor	sites.	Of	 these	24.14%	were	silcrete	and	75.86%	chert.	The	greatest	number	of	artefact	types	(58.62%)	were	complete	flakes	followed	by	flake	fragments	(24.14%)	(see	Figure	73).	Five	cores	were	found	 (8.62%	of	 the	assemblage)	and	 three	amorphously	 retouched	 flakes	 (5.17%).	The	total	percentage	of	retouch	of	associated	artefacts	is	9.43%.	This	is	much	higher	than	the	quartzite	 knapping	 floor	 assemblage	 retouch	 percentage	 which	 is	 only	 2%.	 The	 mean	weight	 of	 complete	 flakes	 from	 the	 associated	 artefact	 assemblage	 (mean	 =42.80g,	
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SD=91.60g,	N=34)	was	 significantly	 less	 than	 that	 of	 complete	 quartzite	 flakes	 from	 the	knapping	 floors	 (mean	 =112.35,	 SD=211.48,	 N=1194)	 (T	 Test,	 t=4.125,	 df	 =	 43.74,	p=0.0001).	The	smaller	size	and	great	degree	of	retouch	of	 these	artefacts	 is	 likely	 to	be	reflective	of	the	fact	that	they	are	made	of	exotic	raw	materials,	not	found	within	the	study	area	gibber	plain.	This	may	have	caused	a	greater	tendency	for	reduction	and	raw	material	conservation	due	to	the	increased	replacement	costs	(Newman	1994).	These	are	ideas	that	are	explored	 in	greater	depth	with	a	 larger	sample	size,	 in	 the	analysis	of	 the	sand	dune	assemblages	in	Chapter	8.			
	Figure	73:	Associated	artefacts	with	gibber	plain	quartzite	knapping	floors	
Artefact	Conjoins		A	total	of	36	refitted	sequences	were	identified	by	conjoining	artefacts.	Table	22	lists	the	refitted	sequences,	including	the	number	of	artefacts	that	conjoin,	the	presence	or	absence	of	a	core	and	the	number	of	missing	artefacts	identified.				Refitting	 was	 assessed	 as	 successful	 or	 unsuccessful	 following	 the	 criteria	 outlined	 in	Chapter	 4.	 Thirteen	 nodules	 were	 assessed	 to	 be	 successfully	 refitted	 enabling	 further	analysis.	These	are	listed	in	Table	22.	A	selection	of	these	from	different	viewpoints	can	be	seen	 in	Figure	74	to	Figure	94.	This	 includes	an	example	of	a	retouched	flake	within	the	refitted	nodule	ODX_05857_RS1(Figure	77).
		
Table	22:	Refitted	sequences	
Refit	Sequence	 #	Conjoined	
Artefacts	
Core	
Present?	
#	Missing	
Artefacts	
Min	#	
Flakes	
Notes	 Refitting	
Success?	
ODX_05815_RS1	 19	 yes	 2	 13	 	 Yes	
ODX_05827_RS1	 2	 yes	 Unknown	 2+	 	 No	
ODX_05827_RS2	 3	 yes	 Unknown	 3+	 	 No	
ODX_05828_RS1	 7	 yes	 2	 6	 	 Yes	
ODX_05834_RS1	 3	 yes	 Unknown	 2+	 	 No	
ODX_05834_RS2	 2	 no	 Many/unknown	 2+	 Same	analytical	nodule	as	ODX_05834_RS1	 No	
ODX_05834_RS3	 4	 no	 Many/unknown	 3+	 Same	analytical	nodule	as	ODX_05834_RS1	 No	
ODX_05857_RS1	 47	 yes	 4+	 35	 One	flake	from	this	sequence	was	also	retouched	at	the	same	
location	
Yes	
ODX_05859_RS1	 28	 yes	 1	 25	 	 Yes	
ODX_05905_RS1	 11	 yes	 2+	 12	 	 Yes	
ODX_05905_RS2	 7	 yes	 2	 8	 	 Yes	
ODX_05918_RS1	 2	 yes	 Unknown	 2+	 	 No	
ODX_05818_RS2	 5	 no	 Unknown	 5+	 Same	analytical	nodule	as	ODX_05918_RS1	 No	
ODX_06930_RS1	 17	 yes	 2	 17	 	 Yes	
ODX_06931_RS1	 45	 yes	 3	 36	 	 Yes	
ODX_06932_RS1	 32	 yes	 3	 21	 Natural	break	into	2	pieces	used	as	separate	nodules	 No	
ODX_06932_RS2	 5	 no	 1	 3+	 Same	analytical	nodule	as	ODX_06932_RS1	 No	
ODX_06968_RS1	 2	 yes	 Unknown	 2+	 	 No	
ODX_11728_RS1	 20	 yes	 3	 18	 	 Yes	
ODX_11735_RS1	 18	 yes	 4	 18	 	 Yes	
ODX_11738_RS1	 35	 yes	 1+	 29	 	 Yes	
ODX_11738_RS2	 15	 yes	 0	 13	 Entire	nodule	refitted,	no	flakes	missing	 Yes	
ODX_11778_RS1	 5	 no	 Unknown	 6+	 	 No	
ODX_11782_RS1	 9	 yes	 Unknown	 7+	 	 No	
ODX_11782_RS2	 4	 yes	 Unknown	 3+	 Same	analytical	nodule	as	ODX_11782_RS1	 No	
ODX_11782_RS3	 2	 no	 Unknown	 2+	 Same	analytical	nodule	as	ODX_11782_RS1	 No	
	 	
Refit	Sequence	 #	Conjoined	Artefacts	 Core	
Present?	
#	Missing	
Artefacts	
Min	#	Flakes	 Notes	 Refitting	Success?	
ODX_12526_RS1	 2	 no	 1	 2+	 	 No	
ODX_13014_RS1	 19	 yes	 5+	 21	 	 Yes	
ODX_13019_RS1	 2	 no	 Unknown	 4+	 	 No	
ODX_13020_RS1	 4	 no	 Unknown	 5+	 	 No	
ODX_13398_RS1	 2	 yes	 Unknown	 3+	 	 No	
ODX_13398_RS2	 2	 yes	 Unknown	 3+	 	 No	
ODX_13398_RS3	 3	 no	 Unknown	 2+	 	 No	
ODX_13479_RS1	 4	 yes	 Unknown	 4+	 	 No	
ODX_13479_RS2	 2	 no	 Unknown	 4+	 	 No	
ODX_13479_RS3	 2	 no	 Unknown	 3+	 	 No	
ODX_13480_RS1	 8	 yes	 Unknown	 9+	 Natural	break	into	2	pieces	used	as	separate	nodules	 No	
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	Figure	74:	ODX_05857_RS1	view	1	
	Figure	75:	ODX_05857_RS1	view	2	
	Figure	76:	ODX_05857_RS1	view	2		
	Figure	77:	ODX_05857_RS2	This	is	a	retouched	artefact	from	a	flake	within	the	ODX_05857_RS1	sequence		
	Figure	78:	ODX_05815_RS1	view	1	
	Figure	79:	ODX_05815_RS1	view	2	
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	Figure	80:	ODX_05815_RS1	view	3	 	Figure	81:	ODX_11728_RS1	view	1	
	Figure	82:	ODX_11728_RS1	view	2	 	Figure	83:	ODX_05859_RS1	view	1	
	Figure	84:	ODX_05859_RS1	view	2	 	Figure	85:	ODX_05905_RS1	
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	Figure	86:	ODX_05905_RS1	view	2	 	Figure	87:	ODX_06930_RS1		
	Figure	88:	ODX_06931_RS1	view	1	
	Figure	89:	ODX_06931_RS1	view	2	
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	Figure	90:	ODX_05828_RS1	view	1	 	Figure	91:	ODX_05828_RS1	view	2	
	Figure	92:	ODX_11735_RS1	
	Figure	93:	ODX_13014_RS1	
	Figure	94:	ODX_11738_RS1	
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Analysis	 of	 the	 Refitted	 Nodules	 and	 Knapping	 Floor	
Assemblages		The	following	interprets	the	knapping	floor	assemblages	and	refitted	nodules	as	part	of	a	technological	lifecycle	and	assesses	the	influence	of	several	potential	influencing	factors	on	this	process.	These	are:	1)	the	influence	of	raw	material	form,	2)	problem	solving	actions,	3)	 intended	 artefact	 forms,	 4)	 individual	 standardisation	 and	 variability	 in	 knapping	practice.			
Nodule	Selection	The	selection	of	raw	material	represents	the	first	major	decision	in	the	knapping	process.	The	13	refitted	nodules	completely	reconstructed	the	original	nodule	used	for	knapping	and	therefore	provide	direct	evidence	of	the	types	of	gibber	stone	selected	by	the	knappers.	The	characteristics	of	these	knapped	stone	nodules	are	compared	to	measurements	taken	from	the	variety	of	gibber	stones	available	in	the	study	area.			The	 sampling	 strategies	 used	 to	 measure	 the	 general	 gibber	 plain	 samples	 have	 been	previously	described	in	Chapter	3.	This	includes	two	different	samples.	One	is	of	the	largest	(and	therefore	most	visible)	gibber	plain	clasts	at	each	sample	location	and	the	second	is	a	truly	random	sample	of	the	naturally	available	material.	These	two	samples	are	compared	to	the	refitted	(knapped)	nodules	in	Table	23.			 Table	23:	Quartzite	gibber	nodule	length	data	
Sample	 N	 Min	
(mm)	
Max	
(mm)	
Mean	L	
(mm)	
SD	
Refitted	Flaked	Nodules	 13	 75.57	 410.00	 158.17	 83.90	
Geological	Survey	Data.	Maximum	
Nodules	
390	 10.00	 750.00	 259.46	 97.14	
Random	Gibber	Nodule	Sample	 858	 10.00	 242.00	 31.75	 22.45			The	 size	 of	 the	 refitted	 nodules	 had	 a	 moderate	 degree	 of	 variability	 ranging	 from	 a	minimum	of	75.57mm	in	length	to	410.00mm.	When	compared	with	the	two	gibber	samples	the	refitted	nodules	are	significantly	larger	on	average	than	a	random	sample	of	the	gibber	(ANOVA	 F=52.25,	 df=	 12.03,	 p=0.0001)	 but	 fall	 below	 the	mean	 range	 of	 the	maximum	quartzite	 nodules	 in	 the	 gibber	 (ANOVA	F1.435,	 df	 =13.11,	 p=0.001).	 This	 suggests	 that	
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there	is	a	both	a	maximum	and	minimum	desirable	size	of	nodules	for	knapping.	Nodules	that	are	too	big	may	have	been	difficult	to	knap,	and	materials	which	are	too	small	could	have	been	perceived	by	the	knappers	as	having	too	limited	utility.			In	addition	to	these	size	characteristics	it	was	noted	that	the	nodules	selected	for	knapping	had	 at	 least	 one	 naturally	 flat	 surface	 that	was	 used	 as	 the	 starting	 point	 for	 knapping.	Quartzite	 nodules	 in	 the	 gibber	 plain	 are	 present	 in	 a	wide	 variety	 of	 shapes	 including	elliptical	and	spherical	(forms	often	selected	for	hammerstones	as	previously	described).	There	was	no	shortage	of	blocky	material	in	the	gibber	plain,	but	this	selection	does	indicate	a	technological	preference	by	the	knappers.			
Variation	in	Knapping	Strategies	The	following	is	an	analysis	of	the	knapping	strategies	used	to	make	quartzite	flakes	in	the	gibber	plain	and	the	influencing	factors	of	this	process.	The	13	refitted	nodules	provide	the	primary	 evidence	 used	 in	 this	 analysis,	 but	 by	 highlighting	 the	 core	 attributes	 of	 each	knapping	strategy,	enabling	greater	insights	to	be	made	of	the	knapping	processes	used	in	other	sites	that	were	not	refitted.			Knapping	strategy	is	classified	and	grouped	by	use	and	creation	of	core	platforms	(Table	24).	Core	platforms	represent	the	fundamental	framework	of	flake	production	and	process	and	are	the	result	of	a	clear	choice	and	action	by	knappers.	The	following	are	the	different	knapping	strategies	 interpreted,	 the	 frequency	of	 these	 strategies	as	used	 in	 the	 refitted	nodules	and	in	the	broader	knapping	floor	sites	(interpreted	by	cores),	and	a	series	of	tests	of	 the	potential	role	of	 the	 influencing	 factors	to	understand	why	specific	strategies	may	have	been	used.					
	Table	24:	Platforms,	core	rotations	of	refitted	nodules	and	knapping	strategy	including	associated	core	characteristics	
Refit	Sequence	 #	Natural	Nodule	
Surfaces	
#	Natural	Plat.	
Used	
#	Created	
Plat.	
Total	#	
Plat.	
#	Core	
Rotations	
≥90o	
Knap	
Strat	
Core	Type	
Recorded	
#	platforms	with	cortex	
ODX_05815_RS1	 3	 1	 1	 2	 2	 B1	 Unidirectional	 0	
ODX_05828_RS1	 6	 1	 2	 3	 3	 C	 Multidirectional	 1	
ODX_05857_RS1	 4	 2	 1	 3	 6	 B2	 Unidirectional	 0	
ODX_05859_RS1	 5	 2	 1	 3	 8	 B2	 Unidirectional	 0	
ODX_05905_RS1	 4	 1	 3	 4	 3	 C	 Bidirectional	 0	
ODX_05905_RS2	 4	 1	 2	 3	 5	 C	 Bidirectional	 0	
ODX_06930_RS1	 6	 1	 0	 1	 4	 A	 Unidirectional	 1	
ODX_06931_RS1	 3	 1	 0	 1	 5	 A	 Unidirectional	 1	
ODX_11735_RS1	 6	 1	 0	 1	 3	 A	 Unidirectional	 0	(because	platform	was	on	a	
natural	fracture)	
ODX_11728_RS1	 3	 1	 0	 1	 1	 A	 Unidirectional	 1	
ODX_11738_RS1	 6	 1	 1	 2	 2	 B1	 Unidirectional	 0	
ODX_11738_RS2	 5	 1	 1	 2	 3	 B1	 Unidirectional	 0	
ODX_13014_RS1	 4	 1	 1	 2	 4	 B1	 Unidirectional	 0	
	 177	
Knapping	Strategy	A	Knapping	strategy	A,	the	simplest	method,	is	represented	by	four	of	the	13	refitted	nodules	(30.7%).	This	strategy	is	unidirectional,	exploiting	a	single	natural	flat	surface	on	the	nodule	as	a	flaking	platform.	Within	the	same	strategy	there	is	some	variation	in	the	extent	of	core	rotation	to	access	different	parts	of	the	same	platform	(see	Figure	95	and	Figure	96).	Cores	produced	using	this	strategy	are	unidirectional	with	cortex	cover	on	100%	of	the	striking	platform	(Table	24).	This	is	distinct	from	cores	produced	using	other	strategies.			
	Figure	95:	Cross	section	of	ODX_06931_RS1	knapping	strategy	A	
	Figure	96:	Cross	section	of	ODX_11735_RS1	knapping	strategy	A		
	
Knapping	Strategy	B1	This	strategy	involves	the	use	of	one	natural	nodule	flaking	platform,	then	the	creation	of	an	additional	flaking	platform	early	in	the	process	through	removal	of	one	or	more	flakes.	Four	of	the	refit	sequences	used	this	strategy	(30.7%	of	refitted	nodules)	(see	Figure	97	for	an	 illustrated	 example).	 Cores	 are	 indistinguishable	 from	 those	 produced	 from	 the	 B2	strategy	and	so	both	have	been	designated	part	of	the	same	type.	 		This	 strategy	 is	bidirectional,	however	 in	all	 refitted	examples	 the	core	was	 recorded	as	unidirectional	 with	 no	 cortex	 cover	 on	 the	 flaking	 platform2	 (Table	 24).	 In	 theory,	 this	strategy	 could	 also	 produce	 a	 unidirectional	 core	 with	 partial	 cortex	 cover	 on	 the	 core	flaking	platform	which	would	distinguish	it	from	the	B2	knapping	strategy.		
																																								 																					2	As	was	discussed	previously	 in	Chapter	4,	 the	number	of	 definitive	platforms	on	 a	 core	 is	 not	necessarily	reflective	of	the	total	number	used	in	the	process	as	flaking	can	remove	previous	platforms.	However,	because	gibber	plain	nodules	are	fully	cortical,	knapping	strategy	can	be	interpreted	from	cores	on	the	basis	of	platform	cortex	cover	and	simple	geometric	principles.		
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	Figure	97:	Cross	section	of	ODX_05815_RS1.	Knapping	strategy	B1	
Knapping	Strategy	B2	This	strategy	shares	some	characteristics	with	B1,	involving	creation	of	one	flaking	platform	through	the	removal	of	one	or	more	flakes	early	in	the	sequence.	What	sets	this	strategy	apart	is	use	of	two	natural	flaking	platforms	during	the	process	meaning	that	a	bidirectional	knapping	 strategy	 is	 required.	 There	 were	 only	 two	 refit	 sequences	 from	 the	 13	 that	followed	this	strategy	(15.4%	of	refitted	nodules;	see	Figure	98).	 		Cores	from	both	examples	of	this	strategy	were	recorded	as	unidirectional	with	no	cortex	cover	on	the	flaking	platform	surface,	the	same	as	B1	cores	(Table	24).	Theoretically	a	core	produced	from	this	strategy	could	also	be	bidirectional	with	some	cortex	on	at	least	one	of	the	flaking	platforms.			
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	 	Figure	98:	Cross	section	of	ODX_05857_RS1		Knapping	strategy	B2.	
	
	
Knapping	Strategy	C	Knapping	strategy	C	is	the	most	complex	strategy,	involving	creation	and	use	of	two	or	more	flaking	platforms	in	addition	to	a	natural	flaking	platform	(see	Figure	99).	There	were	three	refitted	sequences	that	utilised	this	strategy	(23.2%	of	refitted	nodules).			This	multidirectional	knapping	 technique	 resulted	 in	 cores	 that	were	 recorded	as	either	bidirectional	with	no	cortex	on	any	of	the	flaking	platform,	or	multidirectional	with	cortex	on	 one	 flaking	 platform	 (Figure	 99).	 	 Theoretically	 this	 knapping	 strategy	 could	 also	produce	other	types	of	multidirectional	cores	with	less	cortex	(<100	–	0%	coverage)	on	one	of	 the	 flaking	 platforms.	 Cores	 from	 this	 strategy	 are	 clearly	 distinguishable	 from	 other	knapping	strategies.			
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	Figure	99:	Cross	section	of	ODX_05828_RS1		Knapping	strategy	C			
Interpretation	of	Frequency	of	Strategy	Use	in	Gibber	Plain	Knapping	Assemblages	from	Cores	A	total	of	48	cores	from	25	different	knapping	floors	were	recorded	with	detail	required	to	assess	knapping	strategy	(i.e.	number	of	flaking	platforms	remaining	and	the	cortex	cover	on	 these	 platforms).	 Results	 suggest	 that	 Strategy	 A	 type	 cores	were	 the	most	 frequent	(46.94%)	followed	a	combined	category	of	all	B1	and	B2	strategies	(28.57%)	then	strategy	C	(24.49%)	(see	Figure	100).	This	suggests	prominence	of	simple	flaking	techniques.		
	Figure	100:	Percentage	of	different	knapping	strategies	used	as	interpreted		from	core	characteristics	
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Does	Stone	Nodule	Morphology	Influence	the	Knapping	Strategy	Used?	The	following	is	an	analysis	of	the	role	of	stone	nodule	morphology	on	the	knapping	process.	This	is	done	as	part	of	the	exploration	of	the	different	influencers	of	knapping	strategy	in	order	 to	 understand	 why	 particular	 approaches	 were	 used.	 Raw	 material	 nodule	morphology	represents	 the	most	external	of	 these	 factors	 that	may	restrict	 the	available	options	to	the	knapper.			The	weight	of	the	refitted	nodules	was	compared	for	each	of	the	knapping	strategies	(see	Table	25).	The	range	of	nodules	used	for	strategies	A,	B1	and	B2	varied	considerably	and	there	was	no	significant	difference	between	the	knapping	strategy	and	nodule	size	(ANOVA	Welch’s	F=4.098,	df=3,	3.84,	p=0.108).	While	knapping	strategy	C	nodules	were	smaller,	this	difference	was	not	statistically	significant.	This	may	be	 in	part	however	due	to	 the	small	sample	number	of	these	nodules.			Nodule	shape	is	assessed	in	comparison	to	the	knapping	strategy	used	in	Figure	101.	This	comparison	 showed	 no	 clear	 clustering	 of	 the	 strategies	 for	 nodule	 shape.	 Nodule	compactness,	 as	 an	 additional	 measure	 of	 morphology	 was	 also	 compared	 to	 knapping	strategy	 (see	 Chapter	 4	 on	 the	 calculation	 of	 this	 index).	 This	 revealed	 no	 statistical	difference	 between	 the	 nodules	 of	 the	 different	 knapping	 strategies	 (ANOVA	 F=0.546,	df=3,7,	p=0.666).						 Table	25:	Nodule	attributes	for	refitted	sequences	by	knapping	strategy	
	 	 Nodule	Weight	(g)	 Compactness	Index	
Strategy	 N	 Mean	 SD	 Mean		 SD	
A	 4	 1549.35	 77.67	 78.68	 14.24	
B1	 4	 2347.84	 1173.92	 364.63	 537.90	
B2	 2	 683.56	 483.33	 69.03	 8.50	
C	 3	 430.96	 248.81	 103.34	 1.68			The	angularity	of	the	complete	nodules	was	then	considered.	Specifically,	this	is	to	see	how	the	 selection	 of	 natural	 surfaces	 on	 the	 nodule	 for	 initial	 knapping	 related	 to	 the	 initial	knapping	choices	made.	Details	of	each	refitted	nodule	in	relation	to	the	initial	treatment	of	nodules	are	presented	 in	Table	26.	 In	all	 cases	 it	was	noted	 that	a	 relatively	 flat	natural	surface	was	 selected	 as	 the	 initial	 flaking	 platform.	 Nodule	 vertex	 angles	 (i.e.	 the	 angle	between	two	intersecting	natural	planes	on	a	nodule)	were	then	examined	and	measured,	comparing	 natural	 platforms	 that	 were	 used	 for	 knapping	 versus	 other	 naturally	 flat	
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surfaces	on	the	nodule	that	were	not.	It	was	found	that	the	mean	angle	of	non-flaked	vertices	95.16o	±	13.06	was	significantly	larger	than	the	mean	angle	of	selected	striking	platforms	83.73o	 ±	 15.15,	 t=3.18,	 df=60,	 p=0.002.	 This	 indicates	 that	 knappers	 were	 selecting	(subconsciously	or	otherwise),	surfaces	with	lower	angled	natural	planes	on	nodules	to	use	as	striking	platforms.			
	Figure	101:	Nodule	dimensions			This	platform	choice	however	applies	to	all	the	refitted	nodules	and	thus	does	not	explain	the	difference	 in	 resulting	knapping	 strategies	per	 se.	 It	was	however	hypothesised	 that	perhaps	early	platform	creation,	which	is	a	feature	of	only	knapping	strategy	B1,	B2	and	C	nodules,	was	undertaken	 to	correct	 for	higher	natural	nodule	platforms.	By	comparison,	that	 may	 have	 been	 a	 less	 ideal	 knapping	 platform	 than	 a	 lower	 angled	 surface.	 	 Thus	nodules	that	had	early	platform	creation	(Table	26)	were	compared	to	those	that	did	not	(mainly	 strategy	 A	 nodules)	 via	 a	 T-test	 (Table	 27).	 No	 statistical	 difference	was	 found	between	these	two	groups	indicating	that	this	was	not	a	factor.				As	previously	demonstrated,	knappers	chose	to	begin	the	knapping	process	on	a	flat	nodule	surface	 offering	 a	 high	 natural	 platform	 angle.	 As	 this	 is	 a	 driving	 preference,	 it	 was	therefore	hypothesised	that	early	platform	creation	that	characterises	strategies	B1,	B2	and	C	may	have	occurred	where	the	most	suitable	initial	flaking	surface	did	not	provide	access	to	the	maximum	nodule	length.	This	was	considered	as	it	was	observed	in	the	refit	sequence	ODX_05815_RS1,	that	the	first	flaking	platform	used	was	much	wider	than	the	orientated	nodule	length.	To	see	if	this	had	an	overall	influence	on	the	refitted	nodules,	a	ratio	of	the	nodule	orientated	length/first	platform	width	was	compared	with	a	T-test	(Table	27)	but	again	no	statistical	difference	was	found.			
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	 Table	26:	Initial	treatment	of	nodules	
Refit	Sequence	 Knapping	
Strategy	
Location	of	First	
Core	Platform	
First	Flake	
Creates	New	
Platform?	
Notes	
ODX_05815_RS1	 B1	 Flat	natural	
platform	
Yes	 Bidirectional.		
ODX_05828_RS1	 C	 Highest	angled	
natural	(flat)	
platform	
Yes	 Multidirectional	
ODX_05857_RS1	 B2	 Flat	natural	
platform	
No	 New	platform	created	
mid	sequence	rather	than	
beginning.	
Multidirectional	
ODX_05859_RS1	 B2	 Flat	platform	with	
highest	natural	
angle	
No	 New	platform	created	
mid	sequence.	
Multidirectional	
ODX_05905_RS1	 C	 Flat	platform	with	
highest	natural	
angle	
No	 New	platform	created	
early	on,	but	not	first	
flake.	Multidirectional	
ODX_05905_RS2	 C	 Flat	platform	with	
highest	natural	
angle	
Yes	 Multidirectional	
ODX_06930_RS1	 A	 Flat	platform	with	
acute	natural	angle.	
Allows	longest	
potential	flake	
length.	
No	 Unidirectional	knapping	
ODX_06931_RS1	 A	 Flat	natural	
platform	with	
highest	angle.	
No	 Unidirectional	
ODX_11735_RS1	 A	 Flat	platform	with	
acute	natural	angle.	
Allows	longest	
potential	flake	
length.	
No	 Unidirectional		
ODX_11728_RS1	 A	 Flat	platform	with	
acute	natural	angle.	
Allows	longest	
potential	flake	
length.	
No	 Unidirectional		
ODX_11738_RS1	 B1	 Flat	platform	 No	 Bidirectional	
ODX_11738_RS2	 B1	 Flat	side	with	acute	
natural	platform	
angle	
Yes	 Bidirectional	
ODX_13014_RS1	 B1	 Flat	side	with	
highest	natural	
angle	
Yes	 Bidirectional	
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	 Table	27:	T-test	comparison	of	nodules	that	had	the	first	flake		create	a	new	platform	versus	those	that	did	not	
Attribute	 n	 df	 t	 p	
Angle	of	natural	platform	
used	for	initial	knapping		
13	 10	 -0.206	 0.841	
Orientated	Nodule	
Length/Platform	
Maximum	Dimension	
13	 9	 0.217	 0.833	
			Overall,	these	results	indicate	that	nodule	morphology	played	a	role	only	in	the	selection	of	the	initial	flaking	platform	on	the	nodule,	but	not	in	determining	the	subsequent	knapping	strategy.	Thus	other	factors	must	have	played	a	more	influential	role	in	knapping	strategy,	as	will	be	explored	in	the	following	analysis.			
	
Is	Knapping	Strategy	a	Problem	Solving	Process?	Knapping	strategies	observed	in	the	refitted	stone	nodules	are	largely	defined	by	the	use	and	creation	of	core	flaking	platforms	during	the	process.	However,	a	hypothetical	reason	one	 core	 may	 have	 more	 platforms	 than	 another,	 is	 that	 creating	 additional	 flaking	platforms	allowed	the	knapper	to	overcome	situational	core	morphology	issues	that	arose	during	 the	 knapping	 process	 (Hiscock	 2006b).	 Thus,	 the	 following	 analysis	 looks	 for	evidence	of	core	platform	creation	in	association	with	specific	core	morphology	issues.	This	is	done	to	understand	the	variability	in	the	knapping	strategies	observed	from	the	refitted	nodules,	and	highlight	action	taken	by	knappers	in	response	to	situational	problems	that	arose,	as	an	expression	of	individual	agency.			Two	specific	core	morphology	issues	are	examined:	abruptly	terminating	flake	scars	and	obtuse	core	platform	angles.	Both	of	these	factors	would	make	it	difficult	for	the	knapper	to	control	 the	 shape	 and	 length	 of	 subsequent	 flakes,	 (Whittaker	 1994:109)	 and	 may	 be	corrected	by	creating	a	new	core	platform	(Hiscock	2007a).	The	attributes	of	a	flake	provide	a	proxy	for	the	core	morphology	at	the	time	of	that	flake	creation	for	both	of	these	attributes,	as	outlined	in	Chapter	4.		The	 sequence	 of	 flakes,	 their	 length	 and	 their	 termination	 in	 relation	 to	 core	 platform	creation	is	presented	in	Figure	102	to	Figure	105..	Overall,	for	all	knapping	strategies	the	incidence	 of	 step-terminated	 flakes	 was	 relatively	 low	 in	 comparison	 to	 feather	
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terminations.	 There	 were	 no	 hinge	 or	 outrepasse	 terminations	 present	 and	 Strategy	 C	resulted	in	entirely	feather	terminated	flakes.	ODX_11338_RS2	and	ODX_ODX_05857_RS1	were	the	only	refitted	sequences	which	had	a	new	platform	created	immediately	after,	or	one	 flake	 after,	 the	 production	 of	 a	 step-terminated	 flake.	 Overall	 the	 rarity	 of	 this	occurrence	suggests	that	the	choice	of	strategy	and	the	number	of	flaking	platforms	used	were	not	primarily	determined	by	solving	the	problem	of	the	interference	caused	by	step-terminations	in	the	cores.			
	Figure	102:	Flake	terminations	and	flake	length	for	each	refit	sequence	with	knapping	strategy	A		
	Figure	103:	Flake	terminations	and	flake	length	for	each	refit	sequence	with	knapping	strategy	B1	
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	Figure	104:	Flake	terminations	and	flake	length	for	each	refit	sequence	with	knapping	strategy	B2		
	Figure	105:	Flake	terminations	and	flake	length	for	each	refit	sequence	with	knapping	strategy	C		Next,	core	platform	angles	(using	flake	platform	angles)	throughout	the	knapping	process	were	examined.	Figure	106		to	Figure	109	show	the	platform	angle	of	each	flake	removed	in	the	order	of	the	knapping	sequence	and	the	timing	of	new	platform	creations.	From	this	there	are	only	a	few	examples	where	a	new	platform	changed	the	platform	angle	from	>90o	to	<90o.	These	include	the	2nd	platform	of	ODX_05815_RS1	(Figure	107),	the	2nd	platform	of			ODX_05857_RS1	(Figure	108)	and	the	3nd	platform	of	ODX_05905_RS1	(Figure	109).	The	majority	of	the	new	platform	creations	are	not	associated	with	this	patterning.	It	should	be	
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also	noted	that	knapping	strategy	A	which	did	not	feature	any	new	platforms	being	created	shows	 widely	 varying	 striking	 platform	 angles	 throughout	 the	 knapping	 sequence,	indicating	knappers	 in	 these	 instances	were	able	 to	manage	 the	 core	platform	condition	without	the	need	to	create	new	platforms.	There	was	no	difference	 in	the	overall	 flaking	platform	angles	of	knapping	strategy	A	flakes	compared	to	those	made	from	other	strategies	(Table	28).			A	T-test	was	undertaken	to	compare	the	platform	angle	of	the	two	flakes	immediately	before	a	new	platform	for	artefacts	from	strategies	A,	B1,	B2	and	C.	Note	that	some	nodules	did	not	have	two	flakes	before	or	after	a	new	platform	so	in	this	instance	only	one	was	used.	Where	a	flake	was	both	immediately	before	and	after	a	new	platform	it	was	not	included	in	this	analysis	so	as	not	to	bias	the	result.	This	comparison	also	showed	no	statistical	difference	between	these	two	groups	of	flakes	(Table	28).					
	Figure	106:	Flake	striking	platform	angle	throughout	knapping	sequence	for	knapping	strategy	A	nodules.			
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	Figure	107:	Flake	striking	platform	angle	throughout	knapping	sequence	for	knapping	strategy	B1	nodules.				
	Figure	108:	Flake	striking	platform	angle	throughout	knapping	sequence	for	knapping	strategy	B2	nodules.			
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	Figure	109:	Flake	striking	platform	angle	throughout	knapping	sequence	for	knapping	strategy	C	nodules.			 Table	28:	T-Tests	conducted	with	flake	platform	angle	to	look	for	an	association	of	new	platform	creation	with	the	management	of	core	platform	angles	
Attribute	 n	 df	 t	 p	
Flake	Platform	angle	of	Strategy	A	
flakes	compared	to	flakes	from	all	
other	strategies		
197	 192	 0.458	 0.647	
Flake	Platform	angle	of	last	2	flakes	
before	new	platform	created	vs	2	
flakes	immediately	after	(Knapping	
Strategies	B1,	B2	and	C)			
197	 30	 0.939	 0.355	
		The	results	of	this	investigation	indicate	that	new	platform	creation,	which	is	at	the	heart	of	the	differences	between	the	knapping	strategies,	is	not	undertaken	as	a	reaction	to	issues	with	core	platform	angle	or	problematic	flake	terminations.	This	suggests	that	the	actions	taken	by	knappers	and	the	knapping	strategies	they	used	were	guided	by	factors	beyond	simple	reactions	to	the	raw	material	form	or	knapping	‘mistakes’	throughout	the	process.	By	ruling	out	these	influences	as	dominant	contributors	to	the	knapping	floor	assemblages,	it	opens	up	the	possibility	that	variability	and	standardisation	in	knapping	strategies	may	be	better	explained	by	cultural	or	individual	knapper	practices.	These	aspects	are	explored	next.	
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Do	Different	Knapping	Strategies	Produce	Different	Artefact	Characteristics?	The	following	analysis	compares	the	assemblage	characteristics	produced	by	the	different	knapping	strategies.	This	 is	 to	understand	 if	 the	knapping	strategies	used	were	part	of	a	planned,	intentional	process	where	the	core	was	manipulated	to	achieve	desired	artefact	outcomes.		
	
Overall	Assemblage	Characteristics	A	comparison	was	made	between	complete	 flake	attributes	by	knapping	strategy	 for	 the	refitted	nodule	assemblages	(Table	29).	The	only	attribute	found	to	be	statistically	different	between	the	strategies	was	striking	platform	cortex	cover	(Table	30).	This	was	expected,	as	strategy	 A	 is	 a	 unidirectional	 technique	 that	 would	 produce	 more	 flakes	 with	 striking	platform	cortex	than	the	other	strategies.				 Table	29:	ANOVA	comparison	of	refitted	nodule	artefacts	by	knapping	strategy	
Attribute	 F	 df	 p	
Percussive	Flake	Length	
(mm)	
0.200	 3,	162	 0.897	
Percussive	Flake	Width	
(mm)	
0.675	 3,	187	 0.568	
Striking	Platform	Cortex	
Cover	%	
7.623	 3,	160	 0.00008	
Dorsal	Cortex	Cover	%	 1.184	 3,	159	 0.318	
#	Dorsal	Scars	 0.778	 3,159	 0.508				 Table	30:	Striking	platform	cortex	cover	%	of	artefacts		from	each	knapping	strategy	(refitted	nodules)	
Knapping	
Strategy	
N	 Mean	%	 SD	 Min%	 Max	%	
A	 51	 63.82	 47.808	 0	 100	
B1	 54	 24.09	 43.144	 0	 100	
B2	 41	 38.27	 48.646	 0	 100	
C	 18	 22.22	 42.779	 0	 100	
Total	 164	 39.79	 48.734	 0	 100			
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The	 percentage	 of	 complete	 versus	 broken	 flakes	 in	 the	 assemblages	 was	 examined	 to	determine	if	different	knapping	strategies	may	have	resulted	in	different	breakage	patterns	(Table	 31).	 All	 of	 the	 strategies	 had	 similar	 values	 (complete	 flakes	 at	 56-65%	 of	 the	assemblage),	except	knapping	strategy	C	which	had	95.65%	of	the	flake	assemblage	being	complete	flakes.	The	percentage	of	LCS	fragments	is	particularly	relevant	as	this	breakage	pattern	must	occur	during	knapping	and	not	due	to	other	factors	which	could	account	for	other	flake	fragments,	such	as	trampling	(Hiscock	1985;	Macgregor	2001).	Again	all	of	the	knapping	strategies	have	similar	percentages	of	LCS	 fragments	(8.82-12.87%)	except	 for	strategy	 C	which	 had	 4.35%.	 This	 difference	 however	was	 not	 a	 statistically	 significant	result	(Chi	Squared	Fisher	Exact	value	=	2.146,	df=3,	p=0.335).				 Table	31:	Flake	breakage	in	assemblages	from	each	knapping	strategy	
Strategy	 Complete	 LCS	Fragments	 Angular	Shatter	 Other	Flake	
Fragments	
	 N	 %	 N	 %	 N	 %	 N	 %	
A	 57	 56.44	 13	 12.87	 6	 5.94	 25	 24.75	
B1	 58	 65.17	 11	 12.36	 11	 12.36	 9	 10.11	
B2	 42	 61.76	 6	 8.82	 9	 13.24	 11	 16.18	
C	 22	 95.65	 1	 4.35	 0	 0.00	 0	 0.00	
Total	 179	 	 31	 	 26	 	 45	 		Overall	 these	 flake	 assemblage	 comparison	 results	 indicate	 that	 different	 knapping	strategies	do	not	produce	different	flake	attributes,	except	for	Strategy	A	nodules	that	have	greater	mean	values	of	striking	platform	cortex.		
		
Flake	Characteristics	throughout	the	Knapping	Sequence	Flake	 characteristics	 and	 how	 they	 change	 throughout	 the	 knapping	 sequence	 is	 now	analysed.	This	is	to	establish	if	individual	knapping	strategies	were	planned	as	a	directional	trend	towards	specific	artefact	attributes	as	an	intended	goal.	The	previous	analysis	found	little	difference	in	the	overall	assemblage	outputs	from	the	different	knapping	strategies,	however	 it	may	 be	 that	 knapping	 strategies	 enabled	 greater	 control	 in	 the	 process	 and	creation	of	specific	artefact	attributes.			
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Spearman’s	 correlation	 analysis	was	used	 to	 look	 for	 a	 relationship	between	basic	 flake	attributes	and	 the	strike	number3	of	 the	artefacts	 (Table	32).	For	knapping	strategies	 to	have	been	specifically	used	to	directionally	control	artefact	attributes,	it	would	be	expected	that	 significant	 correlations	 would	 be	 present	 for	 all	 nodules	 using	 the	 same	 knapping	strategy.			The	results	 indicate	that	there	 is	no	consistency	between	individual	nodules	of	 the	same	knapping	 strategy	 and	 changes	 in	 specific	 flake	 attributes	 throughout	 the	 process.	 	 For	example,	there	was	only	a	significant	(negative)	correlation	between	dorsal	cortex	cover	%	and	strike	number	for	one	strategy	A	nodule	(ODX_06930_RS1).	Thus	it	is	interpreted	that	there	 is	no	 evidence	 that	 a	 specific	 knapping	 strategy	was	 selected	 as	part	 of	 a	planned	process	to	control	knapping	towards	a	specific	output.			Significant	correlations	between	artefact	attributes	and	strike	number	are	best	represented	when	nodule	assemblages	are	combined	either	by	knapping	strategy	used	or	as	a	complete	combined	 assemblage.	 This	 indicates	 that	 changing	 artefact	 attributes	 throughout	 the	knapping	 process	 are	most	 visible	 at	 these	 larger	 sample	 sizes	which	 represent	 general	trends	 in	 assemblages	 from	 increasing	 core	 reduction.	 This	 is	 a	 pattern	 that	 was	inconsistently	 created	 by	 individual	 knappers	 on	 an	 individual	 nodule	 basis	 and	 largely	unrelated	to	knapping	strategy.	Therefore,	the	value	of	this	data	is	 for	refining	reduction	models	for	broad-scale	assemblage	comparisons,	which	is	discussed	in	greater	detail	later	in	this	chapter.				
																																								 																					3	Strike	number	refers	to	the	order	of	a	 flake	 in	the	knapping	sequence.	A	flake	with	a	strike	number	of	one	would	be	the	first	flake	produced	from	that	nodule.		
	Table	32:	Spearman's	correlation	for	artefact	attributes	by	strike	number	for	refitted	nodules.	Significant	Rs	values	marked	with	*	
Strategy	 Refit	Sequence	 Percussive	L	(mm)	 Dorsal	Cortex	Cover	%	 SP	Cortex	Cover	%	 #	Dorsal	Scars	
	 	 N	 Rs	 p	 N	 Rs	 p	 N	 Rs	 p	 N	 Rs	 P	
A	 ODX_06930_RS1	 12	 -.259	 .417	 12	 -.873*	 .000	 12	 .324	 .304	 12	 .730*	 .007	
A	 ODX_06931_RS1	 29	 -.189	 .327	 29	 -.195	 .311	 29	 .068	 .727	 29	 .087	 .655	
A	 ODX_11728_RS1	 12	 .105	 .746	 12	 -.544	 .068	 12	 -.253	 .428	 12	 .152	 .638	
A	 ODX_11735_RS1	 12	 -.042	 .897	 12	 -.514	 .087	 11	 -.500	 .117	 12	 .575	 .050	
B1	 ODX_05815_RS1	 10	 -0.365	 0.300	 9	 -.817*	 .007	 9	 -.548	 .127	 9	 .235	 .542	
B1	 ODX_11738_RS1	 23	 -.312	 .147	 24	 -.258	 .224	 23	 -.413	 .050	 24	 .357	 .087	
B1	 ODX_11738_RS2	 12	 -.091	 .779	 12	 -.774*	 .003	 12	 -.641	 .025	 12	 .396	 .203	
B1	 ODX_13014_RS1	 15	 .618*	 .014	 15	 -.694*	 .004	 15	 -.417	 .122	 15	 .827*	 .000	
B2	 ODX_05857_RS1	 25	 -.006	 .978	 24	 -.103	 .632	 25	 -.522*	 .007	 23	 .214	 .327	
B2	 ODX_05859_RS1	 22	 -.508*	 .016	 21	 -.428	 053	 22	 -.725*	 .000	 22	 .337	 .125	
C	 ODX_05828_RS1	 4	 -.211	 .789	 4	 -1.000	 .	 4	 -.775	 .225	 4	 -.105	 .895	
C	 ODX_05905_RS1	 9	 -.233	 .546	 9	 -.538	 .135	 9	 -.725*	 .027	 9	 -.326	 .391	
C	 ODX_05905_RS2	 6	 -.829*	 .042	 6	 -.926*	 .008	 6	 -.655	 .158	 6	 .741	 .092	
A	 Combined	Assemblages	 65	 -.292*	 .018	 65	 -.373*	 .002	 64	 .325*	 .009	 65	 .254*	 .041	
B1	 Combined	Assemblages	 60	 -.175	 .182	 60	 -.465*	 .000	 59	 -.408*	 .001	 60	 .430*	 .001	
B2	 Combined	Assemblages	 47	 -.198	 .183	 45	 -.208	 .171	 47	 -.529*	 .000	 45	 .238	 .115	
C	 Combined	Assemblages	 19	 -.273	 .259	 19	 -.743*	 .000	 19	 -.688*	 .001	 19	 .219	 .368	
ALL	 Combined	Assemblages	 191	 -.250*	 .000	 189	 -.421*	 .000	 189	 -.061	 .404	 189	 .327*	 .000	
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Do	Individual	Knappers	Have	a	Standardised	Knapping	Strategy?				The	 following	 investigation	 considers	 the	 role	 of	 individual	 agency	 in	 the	 variability	 of	knapping	strategy	used.	This	aspect	is	accessible	to	analysis	because	other	constraining	or	influencing	 factors	 have	 been	 shown	 to	 not	 explain	 the	 knapping	 strategies	 observed.	Knapping	strategy	was	not	a	reaction	to	either	raw	material	or	situational	issues	and	did	not	provide	significantly	different	outcomes.	This	suggests	that	a	knapper	may	have	a	large	degree	of	flexibility	in	the	approach	that	they	used	with	any	standardisation	present	likely	to	be	the	result	of	 individual	agency	and/or	enacted	traditions.	 	 Identifying	the	repeated	work	 of	 individual	 knappers	 uses	 two	 lines	 of	 enquiry:	 a	 principal	 component	 analysis	(PCA)	 of	 assemblages	 to	 identify	 markers	 of	 individuals	 and	 an	 examination	 of	 the	variability	of	knapping	strategies	represented	in	individual	knapping	floor	features.		
	
Examination	of	Idiosyncratic	Markers	of	Individual	Knappers	The	following	is	an	application	of	the	principal	component	analysis	(PCA)	method	devised	by	Williams	and	Andrefsky	(2011)	to	identify	idiosyncratic	markers	of	individual	knappers	in	 knapping	 floor	 assemblages.	This	was	undertaken	 to	 look	 for	 evidence	 that	 knapping	floors	 are	 the	 work	 of	 individual	 knappers,	 which	 is	 a	 necessary	 step	 in	 assessing	 the	variability	of	individual	practice.			PCA	was	used	to	compare	assemblages	that	used	the	same	knapping	strategy.	Two	sites:	ODX_11738	and	ODX_05905	were	ideal	subjects	for	this	analysis	as	they	provide	examples	of	repetition	of	the	same	knapping	strategy	(B1	at	ODX_11738	and	C	at	ODX_05905).	Other	assemblages	from	sites	using	the	same	strategy	were	compared	to	look	for	evidence	that	assemblages	produced	at	the	same	site	are	more	similar	than	those	elsewhere.	This	would	be	evidence	that	the	nodules	made	at	the	same	site	are	the	work	of	an	individual	knapper.			The	suitability	of	a	range	of	flake	variables	was	assessed.	Only	the	measurement	of	whole	flakes	 or	 reconstructed	 complete	 flakes,	 (through	 conjoining	 broken	 fragments)	 were	analysed.	 For	 both	 the	 B1	 and	 C	 assemblages,	 inspection	 of	 their	 correlation	 matrices	showed	that	percussive	length,	width,	thickness	and	weight	and	striking	platform	width	had	at	 least	 one	 correlation	 coefficient	 greater	 than	 0.3.	 Thus	 these	 measurements	 were	retained	for	PCA	analysis.			The	Eigen	value	for	component	1	for	knapping	strategy	B1	assemblages	was	4.462	(89.23%	of	variance)	and	 for	component	2	was	0.524	(10.470%	of	variance).	The	Eigen	value	 for	component	1	of	knapping	strategy	C	assemblages	was	3.299	(65.97%	of	variance)	and	for	
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component	2	was	1.701	(34.02%	of	variance).		 		Component	loadings	of	the	different	flake	measurements	vary	between	knapping	strategies	(see	Table	33	and	Table	34).	In	strategy	B1	all	measurements	load	positively	on	the	first	component.	 For	 strategy	 C	 assemblages	 all	 measurements	 load	 positively	 for	 the	 first	component	except	percussive	width	and	striking	platform	width,	which	load	positively	on	the	 second	 component	 and	 negatively	 on	 the	 first.	 This	 means	 that	 assemblages	 with	narrower	than	average	flakes	will	score	more	highly	on	component	2.	This	demonstrates	the	unsuitability	of	comparing	the	B1	and	C	assemblages,	and	therefore	the	analysis	focuses	only	on	comparing	assemblages	of	the	same	knapping	strategy.		 Table	33:	Component	loadings	for	the	B1	knapping	strategy	assemblages	
Flake	Attribute	 Component	
1	 2	
Percussive	Length	 .963	 -.262	
Percussive	Width	 .935	 -.342	
Percussive	Thickness	 .955	 .295	
Weight	 .876	 .482	
Striking	Platform	Width	 .990	 -.134			 Table	34:	Component	loadings	for	the	C	knapping	strategy	assemblages	
Flake	Attribute	 Component	
1	 2	
Percussive	Length	 .893	 -.449	
Percussive	Width	 -.320	 .947	
Percussive	Thickness	 .928	 .371	
Weight	 .745	 .667	
Striking	Platform	Width	 -.990	 .139			PCA	was	then	conducted	for	the	B1	and	C	knapping	strategy	assemblages.	The	results	of	these	two	analyses	are	combined	below	in	Figure	110.	As	Williams	and	Andrefsky	(2011)	discussed,	the	interpretation	of	these	scatter	plots	is	somewhat	subjective.	The	knapping	assemblages	 from	ODX_05905	are	clustered	and	quite	separate	 from	the	other	knapping	floor	C	assemblage	ODX_05828_RS1.	This	is	evidence	that	the	two	nodules	at	ODX_05905	are	most	likely	to	have	been	made	by	the	same	individual	knapper.			The	results	of	the	comparison	of	the	two	nodules	from	ODX_11738	show	that	while	they	are	much	more	similar	than	the	B1	assemblage	ODX_05815_RS1	there	is	another	B1	assemblage	ODX_13014_RS1	that	 is	actually	more	similar	 to	both	ODX_11738	assemblages	than	they	
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are	to	each	other.	One	possibility	is	that	ODX_13014_RS1	is	also	made	by	the	same	knapper	as	 the	ODX_11738	nodules.	The	sites	are	however	 separated	by	2km	and	given	 the	 long	history	of	occupation	in	the	area	(~14ky)	this	would	seem	an	unlikely	scenario.			A	brief	examination	of	the	spatial	patterning	at	the	ODX_11738	site	(Figure	111)	shows	that	there	are	two	distinct	but	closely	spaced	knapping	features	each	associated	with	one	of	the	knapped	 nodules.	 Thus	 it	 is	 interpreted	 that	 ODX_11738	 is	 most	 likely	 made	 by	 two	individual	knappers.			Site	ODX_05905	was	not	a	piece	plotted	site	(the	square	pickup	method	was	used)	and	thus	a	similar	detailed	map	cannot	be	provided.	Fieldwork	records	however	indicate	that	it	was	a	single	tight	cluster	of	artefacts,	which	supports	its	interpretation	as	the	product	of	a	single	knapper.			
	Figure	110:	Principal	component	analysis	scores	for	both	B1	and	C	assemblages	combined.	Circles	indicate	knapping	floor	assemblages	from	the	same	location.		
	Overall	 these	 results	 indicate	 that	 knapping	 features	 are	 most	 likely	 the	 product	 of	individual	 knappers,	 but	 that	 sites	 with	 multiple	 features	 may	 be	 produced	 by	 several	knappers.	 PCA	 has	 provided	 evidence	 that	 an	 individual	 knapper	 repeated	 a	 knapping	strategy	at	ODX_05905	and	also	that	the	same	strategy	was	used,	probably	by	two	different	knappers	 in	 closely	 spaced	 clusters	 at	 ODX_11738.	 If	 these	 two	 knapping	 clusters	were	
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produced	at	the	same	time	by	two	knappers	interacting	with	each	other	this	could	be	an	example	of	a	knapping	strategy	being	a	shared,	cultural	practice.			
	Figure	111:	ODX_11738	site	map		It	is	impossible	to	definitively	associate	the	two	clusters	as	temporally	linked	as	they	cannot	be	 dated.	 However,	 there	 are	 several	 factors	 that	 would	 suggest	 this	 is	 the	most	 likely	scenario	 rather	 than	 a	 random	 occurrence	 of	 separate	 diachronic	 overprinted	 events.	Firstly,	 these	 knapping	 features	 are	 extremely	 close	 to	 each	 other	 (within	 0.5m),	 a	significant	 factor	 given	 the	 large	 area	 of	 the	 gibber	 plain	 and	 the	 fact	 that	 the	 first	 and	second	nearest	other	sites	are	at	a	distance	of	18m	and	100m	away.	Secondly,	since	there	are	 four	 distinct	 knapping	 strategies	 observed	 in	 the	 study	 area	 it	 would	 seem	 highly	coincidental	that	both	used	the	same	technique.	This	is	re-enforced	by	the	fact	that	the	use	of	B	strategies	account	for	28.57%	of	flake	stone	nodules	in	the	study	area	gibber	plain.	The	interpretation	 of	 ODX_11738	 as	 the	 work	 of	 two	 individual	 knappers	 along	 with	 other	observations	from	the	technological	analysis	of	the	assemblage	is	further	expanded	upon	in	the	knapping	narrative	presented	in	Appendix	9.			
Variability	of	Knapping	Strategies	within	Individual	Knapping	Floor	Features		The	previous	analysis	suggested	a	correlation	between	 individual	knapping	 features	and	individual	 knappers.	 The	 nature	 of	 the	 PCA	 method	 required	 a	 focus	 on	 instances	 of	standardisation	 in	 knapping	 strategy.	 The	 following	 analysis	 further	 expands	 on	 these	results	to	look	at	the	range	of	knapping	strategies	represented	within	individual	knapping	features.	This	is	to	identify	if	individual	knappers	varied	the	knapping	strategies	they	used	
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or	were	consistent	in	their	technique.	For	this	analysis	knapping	strategy	is	identified	based	on	refitting	and	core	analysis.	The	results	of	this	are	presented	in	Table	35.			This	analysis	shows	that	the	most	frequent	instance	(N=12,	57.1%)	knapping	floors	have	only	one	core	and	thus	one	strategy	represented.	Of	the	12	knapping	floor	sites	with	more	than	one	 core,	 there	 are	more	 (N=5,	 55.6%)	 that	have	 varying	knapping	 strategies	 than	those	that	only	repeat	the	same	knapping	strategy	(N=4,	44.4%).			This	suggests	that	there	was	both	a	degree	of	variability	and	standardisation	in	the	practice	of	 individual	 knappers.	 Certain	 individuals	may	 have	 tended	 to	 use	 the	 same	 knapping	strategy	repeatedly	where	as	others	were	more	variable	in	their	approach.	This	hypothesis	is	explored	in	further	detailed	intra-site	spatial	analysis	of	the	knapping	sites	to	rule	out	the	likelihood	of	overprinting	of	multiple	knapping	events	(by	different	knappers).				 Table	35:	Sites,	number	of	features	and	knapping	strategies	interpreted	from	cores	
Site	
Number	of	Cores	and	Their	Associated	
Interpreted	Strategy	
Total	#	Strategies	
Represented	
#	Knapping	
Features	
Strategy	A	 B	Strategies	 Strategy	C	
ODX_05815	 0	 1	 1	 2	 1	
ODX_05834	 1	 0	 0	 1	 1	
ODX_05857	 0	 1	 0	 1	 1	
ODX_05859	 0	 1	 0	 1	 1	
ODX_05905	 0	 0	 2	 1	 1	
ODX_05918	 0	 0	 1	 1	 1	
ODX_06930	 1	 0	 0	 1	 1	
ODX_06931	 2	 0	 0	 1	 1	
ODX_06932	 0	 1	 2	 2	 1	
ODX_06968	 1	 0	 0	 1	 1	
ODX_11728	 1	 0	 0	 1	 1	
ODX_11735	 1	 0	 0	 1	 1	
ODX_11738	 0	 2	 0	 1	 2	
ODX_11778	 0	 0	 1	 1	 1	
ODX_11782	 1	 2	 0	 2	 1	
ODX_12202	 0	 1	 0	 1	 1	
ODX_12526	 1	 1	 0	 2	 1	
ODX_13014	 0	 1	 0	 1	 1	
ODX_13019	 1	 0	 0	 1	 1	
ODX_13020	 1	 0	 0	 1	 1	
ODX_13479	 3	 0	 0	 1	 1	
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Point	of	Abandonment	
	The	 point	 at	 which	 knapping	 of	 the	 cores	 ceased	 is	 the	 final	 stage	 in	 the	 manufacture	process.	The	following	analysis	aims	to	understand	if	there	were	clear	reasons	to	force	the	abandonment	 of	 individual	 nodules	 as	well	 as	 the	 overall	 percentage	 volume	 loss	 (as	 a	measure	of	 reduction)	 they	 represent.	This	 is	 studied	 so	as	 to	understand	 the	degree	of	standardisation	 or	 variability	 in	 this	 aspect	 of	 knapping	 and	 to	 compare	 the	 amount	 of	reduction	 in	 comparison	 to	 the	 nodule	 potential.	 Interpreting	 reasons	 why	 individual	nodules	may	 have	 been	 abandoned	 provides	 a	 perspective	 of	 both	 individual	 knapping	events	and	of	overall	trends	in	raw	material	conservation.					
Were	Cores	Abandoned	at	their	Maximum	Potential?	This	analysis	looks	for	problems	encountered	in	core	morphology	and	size	that	would	have	hindered	 the	 efficient	 and	 controlled	 continual	 removal	 of	 flakes.	 If	 there	 is	 a	 trend	 to	abandon	cores	at	a	point	of	inefficiency	this	would	be	evidence	of	reaching	the	maximum	reduction	potential.			When	 cores	 from	 each	 of	 the	 refitted	 nodules	 were	 analysed	 instances	 of	 problematic	negative	terminations	(step,	hinge	and	outrepasse)	on	the	core	face	were	recorded.	This	is	outlined	along	with	other	core	and	nodule	characteristics	in	Table	36.	In	this	analysis	only	ODX_11728_RS1	 appeared	 to	 have	 a	 flaw	 (a	 negative	 hinge	 termination)	 that	may	 have	made	continued	knapping	too	difficult.	All	of	the	other	refitted	sequences	had	no	obvious	features	except	some	appeared	to	have	become	fairly	small.			Core	shape	and	size	was	also	considered	using	a	core	shape	index	(Hiscock	2006b)	to	look	for	evidence	of	problematic	core	morphology	and/or	frequent	abandonment	at	a	common	shape	or	 size	 threshold.	This	was	 calculated	 for	 all	 49	 cores	 collected	 from	gibber	plain	knapping	floor	sites.	The	mean	core	shape	index	was	1.52	(s.d	=	1.04)	with	only	24.5%	of	cores	having	a	shape	index	<1.	Cores	that	have	a	shape	index	<1	have	a	platform	base	that	is	wider	than	the	platform,	a	characteristic	that	inhibits	further	flake	production	by	reducing	potential	flake	length	and	causing	step	terminations.	This	suggests	that	the	majority	of	cores	were	not	discarded	due	to	a	problematic	shape.			Core	shape	was	plotted	against	weight	(Figure	112)	 to	see	 if	 there	was	a	shape	and	size	threshold.	The	minimum	core	threshold	is	around	600g.	Few	cores	however	reached	this	point	 before	 they	 were	 discarded.	 The	 core	 shape	 threshold	 fitted	 an	 equation	 of	
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approximately	y=4.94x-1.37	(where	x	=	core	shape	index).	This	indicates	the	point	at	which	a	core	was	generally	abandoned	without	achieving	the	minimum	possible	size	of	600g.	The	vast	majority	 of	 cores	 in	 the	 assemblage	 reached	neither	 the	 shape	nor	 size	 thresholds,	indicating	that	they	likely	had	additional	potential	for	knapping	that	was	unfulfilled.	There	was	no	association	between	cores	produced	by	different	knapping	strategies	and	the	core	shape	index	at	which	they	were	abandoned	(Table	37).			 Table	36:	Measures	of	nodule	reduction	for	refitted	sequences	
Refit	Sequence	
Label	
Number	
Refitted	
Nodule	
Weight	(g)	
Core	
Weight	
(g)	
Mass	
Lost	(g)	
%	
Mass	
Lost	
Number	
of	Whole	
Flakes	
Problematic	
Terminations	on	
Core	Face?		
Strategy	
ODX_05815_RS1	 1	 5704.60	 1323.00	 4381.6	 76.80	 13	 No	 B1	
ODX_05828_RS1	 2	 1683.00	 942.00	 741	 44.02	 6	 No	 C	
ODX_05857_RS1	 3	 3320.00	 946.00	 2374	 71.50	 35	 No	 B2	
ODX_05859_RS1	 4	 4286.71	 203.00	 4083.71	 95.26	 25	 No	 B2	
ODX_05905_RS1	 5	 2534.00	 758.00	 1776	 70.08	 12	 No	 C	
ODX_05905_RS2	 6	 1990.00	 922.00	 1068	 53.66	 8	 No	 C	
ODX_06930_RS1	 7	 3210.52	 1157.00	 2053.52	 63.96	 17	 No	 A	
ODX_06931_RS1	 8	 4949.93	 1438.00	 3511.93	 70.94	 36	 	 A	
ODX_11728_RS1	 9	 5816.63	 2934.85	 2881.78	 49.54	 18	
Large	negative	
hinge	
termination	
A	
ODX_11735_RS1	 10	 2444.32	 944.00	 1500.32	 61.37	 18	 No	 A	
ODX_11738_RS1	 11	 6647.00	 2949.00	 3698	 55.63	 29	 No	 B1	
ODX_11738_RS2	 12	 3284.00	 1258.00	 2026	 61.69	 13	 No	 B1	
ODX_13014_RS1	 13	 1467.00	 267.00	 1200	 81.79	 21	 No	 B1				The	last	potential	core	problem	examined	was	core	platform	angle,	with	platforms	much	greater	 than	 90	 degrees	 considered	 less	 than	 ideal	 for	 flaking	 efficiency	 (Dibble	 and	Whittaker	1981).	For	this	analysis	the	last	platform	used	for	flaking	(where	there	is	more	than	one)	was	analysed	as	this	is	most	relevant	to	the	point	of	abandonment.	The	results	(N=	49,	mean	=	77.05o,	SD=	13.8)	(Figure	113)	show	that	 few	cores	had	platform	angles	>90o.	Those	that	did	were	not	 likely	to	be	beyond	the	ability	to	remediate	this.	Likewise,	there	was	no	 correlation	between	 the	degree	of	 core	 reduction	 and	 core	platform	angle	(Spearman’s	Rs	=	-0.29,	p=0.692,	N=194)	indicating	that	there	was	no	directional	tendency	for	the	core	platforms	to	increase	throughout	the	knapping	process	to	a	point	of	creating	a	problem.	Therefore,	it	is	interpreted	that	in	the	majority	of	cases,	cores	were	not	abandoned	due	to	problems	encountered.	Since	the	majority	of	cores	did	not	reach	the	minimum	weight	threshold,	they	had	potential	for	additional	reduction	when	abandoned	with	little	attempt	to	conserve	raw	material.		
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	Figure	112:	Core	weight	vs	core	shape	index	for	gibber	plain	knapping	floor	cores.	N=49	
Table	37:	Comparison	of	knapping	strategy	and	core	shape	index	
Strategy	 N	 Mean	 SD	
A	 23	 1.18	 0.56	
B1/B2	 16	 2.00	 1.46	
C	 10	 1.56	 0.82	
ANOVA:	Welch’s	F	=	2.72,	df	=	2,	
19.5,	p=0.091	
	
	
	Figure	113:	Core	Platform	Angle	and	Weight	
	
Is	there	Standardisation	in	the	Degree	of	Nodule	Reduction?	The	following	examines	and	compares	the	total	degree	of	core	reduction	achieved	at	the	point	of	core	abandonment	for	the	refitted	stone	nodules.	This	is	to	determine	if	there	is	a	standardisation	or	variability	in	this	aspect	of	the	knapping	practice	as	it	relates	to	both	the	way	 that	 knappers	 interacted	 with	 individual	 stone	 nodules	 and	 the	 treatment	 of	 the	material	more	generally	in	the	context	of	raw	material	abundance.			A	comparison	was	made	between	the	core	weight	and	the	refitted	nodule	weight	for	each	refitted	sequence.	A	positive	linear	relationship	was	shown	between	these	two	attributes	indicating	that	increasing	nodule	size	was	associated	with	increasing	core	size.	This	was	a	statistically	significant	result	both	in	linear	regression	analysis	(Figure	114)	and	a	strongly	
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positive	Spearman’s	correlation	(Rs	=	0.742,	p=0.004).	This	indicates	that	core	size	is	not	standardised	and	is	largely	related	to	original	nodule	size.	Rather	than	a	standardised	core	size,	the	percentage	of	mass	lost	during	knapping	is	instead	relatively	standardised	being	within	21.25%	for	all	13	refitted	sequences	(Table	38).		
	Figure	114:	Core	weight	versus	refitted	nodule	weight.	See	Table	36	for	label	number	of	each	data	point	(N=13,	R2	=0.750,	r=0.750,	p=0.001)		 Table	38:	Co-efficient	of	variability	for	key	nodule	reduction	measures	
	 N	 Mean	 SD	 Co-efficient	variation	(%)	
Percentage	Mass	Lost	 13	 65.86	 13.99	 21.25	
Nodule	Weight	 13	 3641.36	 1696.00	 46.57	
Core	Weight	 13	 1233.98	 839.86	 68.06	
Core	Overall	Cortex	Cover	%	 13	 51.92	 18.76	 36.14		 	This	indicates	that	while	a	large	range	of	different	nodule	sizes	were	used,	knapping	was	ceased	at	a	very	similar	point	in	the	reduction	continuum,	when	approximately	65%	of	the	mass	of	original	nodule	was	removed.	There	is	some	variability	in	how	this	was	achieved	by	knappers	from	nodule	to	nodule	as	it	could	include	either	the	production	of	more	or	larger	flakes	(or	a	combination	of	these	factors).	In	the	wider	sample	of	knapping	floors	(N=47)	there	was	a	strong	positive	correlation	between	the	estimated	number	of	flakes	per	nodule	in	a	knapping	floor	(a	value	calculated	by	the	minimum	number	of	flakes/number	of	cores),	and	the	estimated	nodule	weight	(total	weight	of	artefacts	at	the	site/#	cores)	(Spearman’s	Rs	 =	 0.587,	 p=0.000).	 There	was	 also	 a	moderately	 strong	 positive	 correlation	 between	
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estimated	 nodule	 weight	 and	 mean	 complete	 flake	 weight	 in	 the	 knapping	 floor	 sites	(Spearman’s	Rs=0.348,	p=0.017).			The	 interpretation	of	 this	 analysis	 is	 that	while	 there	are	a	 few	examples	of	 cores	being	abandoned	due	 to	problematic	characteristics	 (of	 size,	 shape,	platform	angle	or	negative	scars)	this	is	rare	and	not	the	norm.	Most	cores	are	interpreted	as	having	more	potential	to	remove	 additional	 artefacts,	 indicating	 that	 there	 is	 no	 evidence	 of	 raw	 material	conservation	 practices	 taking	 place	 in	 the	 gibber	 plain	 knapping	 floors.	 This	 is	 not	surprising,	 given	 the	 enormous	 abundance	 of	 raw	 material	 in	 the	 gibber	 plain.	 The	completion	of	knapping	in	most	circumstances	appears	to	be	the	choice	of	the	knapper	and	not	something	forced	upon	them	due	to	external	(including	from	causes	linked	to	previous	actions)	difficulties.	 	
Missing	Artefacts	
	Missing	artefacts	from	the	knapping	floor	assemblages	are	of	interest	as	they	can	assist	in	understanding	 the	 purpose	 of	 the	 knapping	 floor	 sites	 as	 part	 of	 a	 landscape	 scale	organisation	of	technology	and	the	artefact	attributes	that	were	preferred	by	past	people	for	future	tool	use.	Missing	artefacts	are	analysed	in	two	ways:	the	examination	of	cortex	surface	area	present	at	the	site	(Dibble	et	al.	2005),	and	the	measurement	of	voids	present	in	the	refitted	knapping	floor	nodules.		
	
Cortex	Area	Analysis	Cortex	 area	 ratios	 (CAR)	 were	 calculated	 for	 the	 25	 gibber	 plain	 knapping	 floors	 with	assemblages	analysed	at	the	high	level	of	detail	required	(Table	39).	The	procedure	used	has	been	described	in	Chapter	4.	All	of	the	knapping	floors	had	CARs	less	than	one	indicating	that	 there	 is	 less	 cortex	 surface	area	 in	 the	assemblages	 than	expected.	This	means	 that	there	are	most	likely	missing	flakes	that	had	an	amount	of	striking	platform	and/or	dorsal	cortex	(Dibble	et	al.	2005).		While	CAR	cannot	indicate	the	number	of	missing	flakes,	this	result	 provides	 evidence	 that	 some	 flakes	 were	 removed	 and	 transported	 from	 the	knapping	 floor	 sites.	 This	 is	 an	 important	 result	 for	 understanding	 the	 purpose	 of	 the	knapping	floor	sites	and	suggests	that	they	were	not	for	expedient	tool	use	at	the	knapping	location.	 The	 role	 and	purpose	 of	 the	 knapping	 floor	 sites	 in	 the	 overall	 organisation	 of	technology	 in	 the	 study	 area	 is	 further	 analysed	 in	 Chapter	 9.	 The	 analysis	 includes	 a	consideration	of	the	potential	for	these	missing	artefacts	to	have	been	transported	to	the	nearby	sand	dune	sites.		
		
Table	39:	Cortex	area	analysis	of	knapping	floors	
Site	
Total	Quartzite	
Artefact	Mass	(g)	
Assemblage	
Volume	(cm3)	
Estimated	#	
Nodules/#	of	
Cores	
Predicted	
Nodule	Volume	
(cm3)	
Predicted	Nodule	
Surface	Area	(cm2)	
Predicted	Total	
Cortex	Area	(cm2)		
Ap		
Actual	Total	
Cortex	Area	
(cm2)	Aa	
Cortex	
Area	Ratio	
Aa/	Ap	
ODX_05815	 5269	 1980.83	 1	 1980.83	 3509.35	 3509.35	 626.53	 0.18	
ODX_05827	 8265	 3107.14	 6	 517.86	 1434.84	 8609.02	 1197.09	 0.14	
ODX_05828	 2815	 1058.27	 2	 529.14	 1455.59	 2911.19	 524.09	 0.18	
ODX_05834	 1553	 583.83	 2	 291.92	 979.12	 1958.24	 400.24	 0.20	
ODX_05857	 3590	 1349.62	 1	 1349.62	 2717.30	 2717.30	 553.77	 0.20	
ODX_05859	 4850	 1823.31	 1	 1823.31	 3320.75	 3320.75	 704.14	 0.21	
ODX_05905	 4688	 1762.41	 2	 881.20	 2045.09	 4090.19	 618.01	 0.15	
ODX_05918	 1709	 642.48	 1	 642.48	 1656.67	 1656.67	 293.9	 0.18	
ODX_06930	 3392	 1275.19	 1	 1275.19	 2616.45	 2616.45	 480.32	 0.18	
ODX_06931	 5005	 1881.58	 2	 940.79	 2136.28	 4272.55	 762.51	 0.18	
ODX_06932	 7816	 2938.35	 3	 979.45	 2194.41	 6583.22	 683.21	 0.10	
ODX_06968	 2427	 912.41	 1	 912.41	 2093.09	 2093.09	 347.01	 0.17	
ODX_11728	 5450	 2048.87	 1	 2048.87	 3589.27	 3589.27	 761.64	 0.21	
ODX_11735	 2108	 792.48	 4	 198.12	 756.16	 3024.65	 349.27	 0.12	
ODX_11738	 9824	 3693.23	 3	 1231.08	 2555.76	 7667.27	 1501.95	 0.20	
ODX_11778	 3068	 1153.38	 2	 576.69	 1541.55	 3083.11	 434.55	 0.14	
ODX_11782	 1945	 731.20	 3	 243.73	 868.17	 2604.52	 297.85	 0.11	
ODX_12202	 2211	 831.20	 1	 831.20	 1966.98	 1966.98	 583.28	 0.30	
ODX_12526	 5132	 1929.32	 3	 643.11	 1657.75	 4973.24	 810.16	 0.16	
ODX_13014	 1466	 551.13	 1	 551.13	 1495.65	 1495.65	 263.13	 0.18	
ODX_13019	 1852	 696.24	 1	 696.24	 1747.84	 1747.84	 213.57	 0.12	
ODX_13020	 3627	 1363.53	 3	 454.51	 1315.30	 3945.91	 297.61	 0.08	
ODX_13398	 6705	 2520.68	 5	 504.14	 1409.38	 7046.89	 1140.27	 0.16	
ODX_13479	 6076	 2284.21	 3	 761.40	 1855.26	 5565.79	 969.7	 0.17	
ODX_13480	 4468	 1679.70	 4	 419.92	 1247.70	 4990.80	 584.09	 0.12	
Summary	
Statistics	
	 	 	 	 	 	 Mean:	0.17	
SD:	0.05	
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Measurement	and	Timing	of	Missing	Flakes	The	 refitted	knapping	 floors	nodules	provide	actual	 examples	of	 the	 types	of	 flakes	 that	were	selected	and	transported	elsewhere.	These	missing	artefacts	are	visible	as	voids	in	the	refitted	 nodules	 and	 can	 be	 measured	 and	 modelled	 in	 3D	 as	 outlined	 in	 Chapter	 4.	Additionally,	this	analysis	looks	at	the	timing	of	the	production	of	these	missing	flakes	in	order	 to	 understand	 if	 artefacts	were	 likely	 to	 be	 selected	 during	 or	 after	 the	 knapping	process	and	if	they	may	have	been	related	to	a	planned	knapping	strategy	on	an	individual	nodule	basis.				All	of	the	refitted	sequences	had	missing	artefacts	with	the	exception	of	ODX_11738_RS2.	It	cannot	be	known	exactly	how	many	artefacts	on	average	at	knapping	floors	generally	were	removed	from	the	sites,	as	the	refitting	process	would	bias	the	data	toward	nodules	with	fewer	 missing	 artefacts,	 as	 they	 enabled	 more	 successful	 refitting.	 However,	 of	 the	successfully	 refitted	 nodules,	 the	 average	 number	 of	 missing	 flakes	 was	 2.15	 with	 the	median	 being	 2.	 The	 missing	 flakes	 were	 widely	 distributed	 throughout	 the	 knapping	sequence	with	no	clustering	at	the	end,	beginning	or	middle	of	the	sequence	(Table	40).	This	suggests	that	the	knappers	did	not	stop	creating	flakes	upon	the	creation	of	a	suitable	flake	for	 transportation	 (and	 probable	 use)	 elsewhere.	 It	 is	 more	 likely,	 given	 the	 spread	 of	missing	flakes	in	the	sequence,	that	all	of	the	flakes	were	created	from	a	nodule	after	which	the	artefacts	were	selected	from	the	collection.	This	mirrors	some	of	the	observations	of	Aboriginal	core	reduction	practices	made	ethnographically	(eg.	Hiscock	2004).	Additionally,	this	timing	backs	up	the	previous	analysis	of	knapping	strategies	in	that	it	suggests	that	the	knapping	process	was	not	 focused	on	working	 towards	a	very	 specific	artefact	goal	 that	would	have	been	produced	at	the	end	of	the	knapping	sequence.		The	voids	in	refitted	nodules	were	scanned	using	a	3D	laser	scanner	and	models	constructed	of	 the	missing	 flakes	 for	measurement	 (see	 Figure	 115	 to	 Figure	 120	 for	 examples).	 15	artefacts	from	6	different	refitted	nodules	were	able	to	be	measured	using	this	technique.	These	were	compared	to	the	attributes	of	flakes	found	in	the	knapping	floors	(Table	41).	No	statistical	difference	was	 found	 for	any	of	 the	attributes	except	 for	 the	 striking	platform	cortex	cover	%	that	was	actually	greater	 for	 the	missing	 flakes	(N=15,	mean	=	66.66,	SD	48.79)	than	non-missing	flakes	(N=	454,	mean	=	34.26,	SD	=	47.00).			In	 general,	 the	 results	 indicate	 no	 particular	 favoured	 attribute	 of	 artefacts	 over	 others	produced.	The	difference	in	striking	platform	cortex	is	probably	explained	by	the	fact	that	6	of	the	15	missing	flakes	came	from	knapping	strategy	A	nodules	(unidirectional)	which	would	have	produced	more	striking	platform	cortex	covered	flakes.	Therefore,	this	attribute	
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is	not	 interpreted	 to	be	something	related	 to	a	particular	plan	or	desire	on	behalf	of	 the	knapper	or	person	 selecting	 the	artefacts,	 and	 is	 simply	a	 result	of	 the	 small,	 strategy	A	dominated	sample	size.	 	Table	40:	Location	of	missing	flakes	in	knapping	sequence	
Refit	Sequence	 #	Missing	
Flakes	
Total	Flakes	in	
Sequence	
Point	in	Sequence	of	Missing	
Flakes	
ODX_05815_RS1	 2	 15	 9,10	
ODX_05828_RS1	 2	 6	 4,6	
ODX_05857_RS1	 2	 30	 4,8	
ODX_05859_RS1	 2	 25	 3,6	
ODX_05905_RS1	 2	 11	 7,9	
ODX_05905_RS2	 2	 8	 3,6	
ODX_06930_RS1	 1	 17	 1	
ODX_06931_RS1	 3	 34	 5,6,11	
ODX_11728_RS1	 3	 18	 1,8,14	
ODX_11735_RS1	 2	 18	 5,15	
ODX_11738_RS1	 1	 25	 30	
ODX_11738_RS2	 0	 13	 N/A	
ODX_13014_RS1	 6	 22	 1,10,13,16,	20,	22		 Table	41:	ANOVA	comparison	of	missing	flakes	with		flakes	remaining	in	knapping	floors	
Attribute	 F	 df	 p	
Percussive	Length	 0.363	 1,467	 0.547	
Percussive	Width	 1.333	 1,	467	 0.249	
Percussive	Thickness	 0.151	 1,	467	 0.698	
Dorsal	Cortex	 0.122	 1,	467	 0.727	
Striking	Platform	Cortex	 6.883	 1,	467	 0.009	
Dorsal	Scars	 5.124	 1,	467	 0.161			
	Figure	115:	ODX_06931_MF1	 	Figure	116:ODX_11728_MF2	
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	Figure	117:	ODX_05815_MF1	
	Figure	118:	ODX_06932_MF1	
	Figure	119:ODX_06931_MF2	 	Figure	120:	ODX_05828_MF1	
	
Implications	of	the	Refitted	Knapping	Floors	for	Measuring	Core	
Reduction	in	Assemblages	
	In	the	previous	analysis,	the	individual	refitted	nodules	were	examined	from	a	reduction	perspective	 to	 look	 for	 evidence	 that	 strategies	 were	 chosen	 as	 a	 planned	 process	 to	manipulate	flake	attributes.	This	was	found	not	to	be	the	case;	however,	it	was	noted	that	when	the	knapping	assemblages	were	combined	into	a	larger	sample,	there	were	consistent	trends	 in	 artefact	 attribute	 change	 with	 increasing	 core	 reduction.	 The	 occurrence	 of	assemblage	 change	 with	 increasing	 reduction	 is	 not	 a	 new	 finding	 and	 mirrors	 the	experimental	 literature	previously	discussed	 in	Chapter	4	 (eg.	Amick	 et	 al.	 1988;	Magne	1989).	 Modelling	 and	 comparing	 reduction	 between	 the	 sand	 dune	 and	 gibber	 plain	assemblages	 is	 an	 important	 component	 of	 the	 methodology	 to	 understand	 long-term	procurement	strategies	and	technological	organisation.	Thus,	in	order	to	bring	to	this	later	
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analysis,	a	proven	reduction	model	specifically	adapted	for	the	study	area	technology,	the	suitability	of	key	flake	attributes	to	measure	relative	core	reduction	are	analysed	below.						A	 Spearman’s	 correlation	 analysis	 for	 complete	 flake	 attributes	 with	 increasing	reduction/strike	number	for	each	knapping	strategy	and	a	total	combined	assemblage	are	provided	 in	 Table	 42.	 Both	 types	 of	 data	 are	 important,	 as	 it	 is	 relevant	 to	 know	 how	knapping	strategies	can	influence	the	results,	as	well	as	overall	trends	that	are	present	in	assemblages	made	from	a	mix	of	strategies.					 Table	42:	Spearman's	correlation	analysis	of	flake	attributes	with	increasing	core	reduction	
Strategy	 Percussive	L	(mm)	 Dorsal	Cortex	
Cover	%	
SP	Cortex	Cover	%	 #	Dorsal	Scars	
	 N	 Rs	 p	 N	 Rs	 p	 N	 Rs	 p	 N	 Rs	 P	
A	 65	 -.292*	 .018	 65	 -.373*	 .002	 64	 .325*	 .009	 65	 .254*	 .041	
B1	 60	 -.175	 .182	 60	 -.465*	 .000	 59	 -.408*	 .001	 60	 .430*	 .001	
B2	 47	 -.198	 .183	 45	 -.208	 .171	 47	 -.529*	 .000	 45	 .238	 .115	
C	 19	 -.273	 .259	 19	 -.743*	 .000	 19	 -.688*	 .001	 19	 .219	 .368	
ALL	 191	 -.250*	 .000	 189	 -.421*	 .000	 189	 -.061	 .404	 189	 .327*	 .000			Flake	percussive	length	has	a	moderate	negative	correlation	with	increasing	reduction	for	strategy	A	and	the	total	combined	assemblage.	There	is	no	significant	change	in	flake	length	with	reduction	for	the	other	knapping	strategies.			Dorsal	cortex	cover	%	has	a	moderate	to	very	strong	negative	correlation	with	increasing	reduction	for	all	knapping	strategies	except	B2.	There	is	a	strong	negative	correlation	with	reduction	when	all	assemblages	are	combined.			Striking	 platform	 cortex	 cover	 %	 has	 very	 mixed	 results.	 Strategy	 A	 flakes	 have	 an	unexpected	moderate	positive	correlation	with	increasing	reduction.	This	is	likely	related	to	the	unidirectional	method	of	flake	production	this	strategy	uses.	Conversely,	the	other	three	knapping	strategies	have	strong	negative	correlations	with	increasing	reduction.	Due	to	this	conflict,	when	the	assemblages	are	combined	there	is	no	correlation	with	striking	platform	cortex	cover	%	and	reduction.	Therefore,	this	is	not	a	good	attribute	for	general	reduction	modelling	where	knapping	strategy	is	not	known.		
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Finally,	 dorsal	 scars	 have	 a	 moderate	 to	 strong	 positive	 correlation	 with	 reduction	 for	strategy	A	and	B1	assemblages	as	well	as	in	the	combined	analysis.	For	the	other	strategies	the	relationship	was	also	positive	but	not	significant.					Overall	 these	results	are	 fairly	consistent	with	core	reduction	modelling	 in	the	 literature	(See	Chapter	4).	This	has	shown	that	dorsal	cortex	cover	(decreases	with	reduction)	and	dorsal	scar	number	(increases	with	reduction)	are	the	most	reliable	attributes	for	the	study	area	quartzite	technology.	Flake	length	was	also	confirmed	to	be	reflective	of	the	degree	of	core	reduction	(decreases	with	reduction),	but	this	specific	attribute	is	also	influenced	by	core/nodule	size	(Shott	1994),	which	also	needs	to	be	taken	into	account.	These	attributes	along	with	 core	 cortex	 cover	%	 (Dibble	 et	 al.	 2005)	 therefore	provide	 the	most	 reliable	comparative	assemblage	measures	of	the	relative	degree	of	core	reduction.				
Conclusions		This	chapter	has	focused	on	studying	the	lifecycles	of	the	knapping	process	in	the	gibber	plain	knapping	floors.	This	includes	testing	the	role	of	key	potential	influencing	factors	of	the	stone	technology	and	process,	which	relate	to	natural	environment/materialism,	shared	cultural	practice	and	individual	agency.		The	 influence	 of	 the	 natural	 gibber	 plain	 environment	 containing	 abundant	 knappable	quartzite	material	appears	to	have	played	a	key	but	limited	role	in	the	quartzite	technology	in	the	knapping	floors.	The	gibber	provided	the	range	of	available	material	and	from	this	knappers	 selected	 stone	 nodules	within	 a	more	 limited	 size	 range	with	 an	 emphasis	 on	selecting	gibber	nodules	with	one	or	more	natural	flat	surfaces.	These	natural	flat	surfaces	provided	the	first	flaking	platforms,	with	higher	angled	platforms	a	preferred	characteristic.	Beyond	this	influence	on	initial	platform	selection,	the	form	of	the	gibber	raw	material	does	not	appear	to	have	dictated	the	way	that	artefacts	were	made	or	the	knapping	strategies.	Indeed,	 it	 can	 be	 interpreted	 that	 the	 shear	 abundance	 of	 knappable	 quartzite	material	provided	 knappers	 with	 a	 great	 deal	 of	 flexibility.	 This	 is	 also	 visible	 in	 the	 degree	 of	reduction	of	 the	nodules,	which	was	 fairly	 standardised	at	a	 low	 level	 indicating	no	 real	attempt	at	raw	material	conservation	and	a	likely	discard	of	cores	once	suitable	flakes	were	produced.			By	 studying	 the	knapping	 strategies	used	 it	was	 also	 apparent	 that	 the	process	was	not	outcome	orientated	towards	one	or	more	standardised	artefact	forms.	With	the	exception	
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of	striking	platform	cortex	produced	by	Strategy	A	nodules,	there	was	no	difference	in	the	overall	attribute	of	flakes	produced	by	different	knapping	strategies.			This	 was	 also	 mirrored	 in	 the	 study	 of	 missing	 flake	 characteristics	 which	 suggested	artefacts	were	selected	from	a	range	of	points	in	the	knapping	process	(most	likely	selected	after	 knapping	 was	 complete),	 and	 were	 not	 statistically	 different	 from	 other	 flakes	produced	 but	 not	 removed	 from	 the	 knapping	 floors.	 Again,	 this	 points	 to	 a	 lack	 of	 a	standardised	output	driven	process	and	technological	requirements	that	possibly	focused	more	 on	 functional	 capabilities	 of	 flakes	 (such	 as	 a	 simple	 cutting	 edge),	 rather	 than	 a	particular	 standardised	 form.	 Overall	 these	 interpretations	 fit	 well	 with	 many	 of	 the	ethnographic	 observations	 made	 of	 knapping	 of	 general	 tools	 for	 everyday	 tasks	 by	Aboriginal	people	(eg.Gould	1980;	Hayden	1979;	Hiscock	2004),	in	particular	the	variability	in	knapping	strategy	and	lack	of	a	strict	output	driven	process	compared	to	the	manufacture	of	more	complex	formalised	artefact	types	(eg.Binford	1986;	Moore	2004).		While	the	knapping	floor	sites	might	represent	the	production	of	a	flexible,	informal	stone	technology,	this	is	not	to	say	that	there	is	no	planning	involved	at	all.	Evidence	of	the	cortex	area	analysis	and	voids	in	refitted	nodules	indicate	there	are	flakes	that	have	been	removed	from	the	site,	which	are	interpreted	as	evidence	of	the	artefacts	selected	for	transport	and	use	elsewhere.	This	is	evidence	of	retooling	and	anticipation	of	future	needs,	rather	than	an	expediently	used	technology	(which	would	have	left	behind	all	artefacts).	This	has	also	been	observed	 in	 arid	 Western	 NSW	 for	 unretouched	 flaked	 technology	 (Douglass	 2011;	Douglass	et	al.	2008)	and	thus	clearly	indicates	that	this	type	of	technological	organisation	that	has	been	sometimes	characterised	as	‘curation’	(Bamforth	1986;	Binford	1979)	is	not	limited	 to	 retouched	 and/or	 formalised	 tool	 forms.	 As	 Douglass	 et	 al.	 (2008)	 point	 out	however,	 the	 movement	 of	 artefacts	 in	 anticipation	 of	 future	 needs	 need	 not	 result	 in	transport	 long	 distances.	 The	 missing	 artefacts	 from	 the	 knapping	 floors	 in	 the	 Roxby	dunefield	 gibber	 plain	 could	 be	 transported	 to	 sand	 dune	 sites,	 or	 they	 may	 be	 used	elsewhere	in	the	gibber	plain.	These	two	models	are	further	explored	in	Chapter	9	by	the	comparison	 of	 the	 knapping	 floor	 assemblages	 to	 those	 found	 on	 the	 sand	 dune	 site	ODX_15546.				One	 aspect	 that	 the	 refitting	 of	 the	 knapping	 floor	 sites	 has	 highlighted	 is	 the	 role	 of	individual	knappers	as	active	agents	of	technological	production.	One	way	that	agency	was	examined	 was	 to	 look	 for	 evidence	 of	 individual	 knapper	 ‘reactions’	 to	 problems	 that	occurred	during	 the	knapping	process.	 For	 the	 study	 area	knapping	 floors	however,	 the	knappers	appeared	to	have	encountered	few	issues	and	therefore	did	not	needed	to	enact	
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this	 form	 of	 problem	 solving	 agency.	 This	 was	 likely	 again	 a	 factor	 of	 the	 enormous	abundance	of	raw	material	that	created	little	incentive	to	utilise	the	maximum	potential	of	nodules	and	thus	cores	were	abandoned	long	before	problems	may	have	occurred.				Knapper	agency	is	however	interpreted	to	be	a	defining	factor	of	the	knapping	strategies	used.	 As	 previously	 discussed,	 neither	 nodule	 form,	 problem	 solving	 reactions	 or	 a	standardised	 cultural	 artefact	 form	 can	 explain	 the	 knapping	 strategies	 observed.	Therefore,	it	is	argued	that	the	variability	and	choice	that	remains	can	only	be	the	result	of	the	knapper’s	practice:	their	individual	choices,	habits,	creativity	and	skill.					Analysis	of	the	variability	of	knapping	strategies	used	within	individual	knapping	features	found	that	there	were	instances	of	both	a	standardisation	of	practice	in	some	sites	but	also	variability	 in	 others.	 This	 suggests	 individual	 habit	 did	 play	 a	 role	where	 knapping	was	standardised	but	also	that	practices	on	an	individual	and	event	level	could	vary.	Since	there	was	no	visible	technological	gain	to	the	particular	practices	used	(no	appreciable	difference	in	artefact	forms	produced	or	amount	of	reduction	achieved),	this	variability	may	be	best	explained	as	a	form	of	habitual	creativity.	This	is	a	form	of	agency	that	resides	in	the	way	that	 individuals	 enact	 and	vary,	 often	 subconsciously,	 their	practice	of	 habitual	 or	 craft-based	tasks	(Dalton	2004;	Glăveanu	2012).		In	addition	to	this	individual	variability	there	is	also	evidence	that	knapping	strategy	did	have	 an	 element	 of	 being	 a	 shared	 and	 learned	 practice	 (and	 thus	 was	 a	 structurated	practice	(Giddens	1984)).	Evidence	of	this	comes	from	the	fact	that	knapping	strategies	are	repeated	in	different	knapping	floors,	although	it	should	be	noted	that	in	the	way	knapping	strategy	has	been	defined	using	the	number	of	core	platforms,	there	are	a	limited	range	of	possible	ways	to	reduce	cores.	Thus,	repetition	between	knapping	floors	in	general	is	not	greatly	surprising.	Stronger	evidence	that	knowledge	of	knapping	strategy	was	shared	and	that	knappers	influenced	the	techniques	of	others	comes	from	the	two	knapping	features	in	ODX_11738	which	using	PCA	were	interpreted	to	be	made	by	two	different	knappers	using	the	same	B1	knapping	strategy.	It	would	seem	overly	coincidental	if	these	two	features	were	made	by	different	 individuals	 not	 in	 communication	 given	 the	 extreme	proximity	 of	 the	features,	an	occurrence	that	is	unusual	for	the	study	area	in	the	expansive	gibber	landscape.	Therefore,	 this	 site	 would	 appear	 to	 suggest	 that	 knappers	 may	 influence	 each	 other,	perhaps	 teaching	knapping	 strategies	 that	were	 then	enacted	and	 creatively	used	 in	 the	personal	practice	of	individuals.			
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These	ideas	are	further	explored	in	the	intra-site	spatial	analysis	in	the	following	chapter	(Chapter	7)	which	includes	an	assessment	of	the	sites	for	possible	overprinting	episodes,	an	investigation	that	is	necessary	to	confirm	the	interpretations	that	have	been	made	in	this	chapter.	 	The	role	of	the	knapping	floor	sites	within	the	wider,	 long-term	organisation	of	technology	 in	 the	 area	 is	 also	 considered	 in	 Chapter	 9,	 which	 compares	many	 of	 these	results	with	 the	 technology	on	 the	 sand	dune	 sites	 to	 investigate	 if	 perhaps	 the	missing	artefacts	from	the	knapping	floors	may	have	been	transported	to	the	sand	dune	sites.			 	
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7	|	Intra-site	Spatial	Analysis	of	
Knapping	Floor	Sites	
	The	 following	 is	an	examination	of	 the	 intra-site	spatial	patterning	of	 the	knapping	 floor	sites.	This	chapter	contributes	 to	both	of	 the	primary	research	aims	of	 this	 thesis.	 In	 the	previous	 technological	 analysis	 of	 the	 knapping	 floor	 sites,	 interpretations	 were	 made	regarding	 the	 degree	 of	 standardisation	 and	 variability	 in	 knapping	 strategies	 reflected	within	 individual	knapping	 features.	These	 findings	have	 implications	 for	understanding	the	role	of	individual	agency	in	the	stone	technology	of	the	study	area	that	relate	to	the	first	research	aim	of	this	thesis.	The	initial	analysis	in	this	chapter	expands	upon	this	further	to	confirm	 a	 relationship	 between	 individual	 knapping	 features	 and	 individual	 knappers	through	a	comparison	of	the	spatial	patterning	of	sites	with	the	experimental	models	from	Chapter	5.			The	second	part	of	this	chapter	investigates	the	potential	to	interpret	knapper	stance	and	handedness	 from	 the	 intra-site	 spatial	 patterning	 of	 the	 knapping	 floors	 using	 the	experimental	models	developed	in	Chapter	5.	This	addresses	both	of	the	aims	of	this	thesis.	Firstly,	 it	 is	 an	 application	 of	 the	 methodology	 developed	 by	 this	 research	 and	 an	exploration	 of	 the	 potential	 of	 archaeological	 knapping	 floor	 sites	 to	 preserve	 high-resolution	 data	 for	 interpretations	 of	 individual	 events	 and	 knapper	 practice.	 Secondly,	insights	gained	from	this	research	contribute	to	better	understanding	the	finer	details	of	how	stone	artefacts	were	made	as	part	of	the	general	organisation	of	technology	in	the	study	area.			
Interpreting	 the	Event	History	of	 Individual	Knapping	Features	
with	Spatial	Analysis	
	The	 following	analysis	 aims	 to	determine	 if	 individual	knapping	 features	 can	be	 reliably	interpreted	 as	 the	 work	 of	 individual	 knappers	 in	 single	 events.	 This	 knowledge	 is	important	for	understanding	the	formation	process	of	sites	and	interpretation	of	knapping	strategy	variability	by	individuals.	All	28	piece	plotted	knapping	floor	sites	are	considered	in	 this	analysis	and	distinct	 individual	 features,	where	present,	 are	analysed	as	 separate	units.	Maps	of	these	sites	are	available	in	Appendix	7.	
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	The	number	of	stone	nodules	worked	within	knapping	features	is	an	important	attribute	to	consider,	as	the	chance	of	event	overprinting	at	these	sites	may	be	theoretically	greater	than	knapping	floors	with	only	a	single	flaked	nodule.	The	technological	analysis	in	Chapter	6	has	demonstrated	 with	 reliability	 that	 the	 number	 of	 cores	 is	 a	 good	 representation	 of	 the	number	of	nodules	worked	at	a	site/feature.	The	number	of	cores	within	site	and	feature	assemblages	is	presented	in	Table	43.	This	table	shows	that	12	of	the	32	individual	knapping	clusters	contained	only	a	single	core	(37.5%)	and	are	therefore	interpreted	as	the	flaking	of	a	single	nodule.	The	remaining	62.5%	of	knapping	 features	analysed	had	more	 than	one	core,	which	is	interpreted	as	an	indication	of	the	knapping	of	multiple	stone	nodules.			The	 following	 spatial	 analysis	 focuses	 on	 comparing	 the	 experimental	 knapping	models	produced	 in	 Chapter	 5	 with	 the	 archaeological	 sites.	 This	 comparison	 is	 based	 on	 the	attributes	of	 feature	 clustering	 and	 site	 area	which	were	 confirmed	 to	 reflect	 the	use	of	single	knapping	position	regardless	of	knapping	intensity	(which	would	include	number	of	nodules	worked).	The	analysis	also	tests	the	impact	that	the	reduction	of	multiple	nodules	had	on	spatial	attributes.				Firstly,	Spearman’s	correlation	analysis	was	used	to	determine	if	there	was	an	association	between	increasing	numbers	of	cores	and	increasing	site	area	which	may	occur	either	as	a	result	of	overprinting	events	or	a	single	knapper	changing	their	position	(slightly)	to	access	additional	material.	This	 analysis	 found	no	 statistical	 correlation	between	core	numbers	and	 site	 area	 (Spearman’s	Rs=0.308,	 p=0.087,	N=32)	 indicating	 that	 a	 site	with	multiple	cores	was	as	likely	to	be	as	small	as	a	site	representing	only	one	knapped	nodule.		In	 the	knapping	experiments	of	Chapter	5,	 the	degree	of	 clustering	 created	by	knapping	varied	somewhat	according	to	the	knapping	stance	used.	 	They	were	however	within	the	range	of	0.62m	to	0.26m	mean	cluster	radius.	The	archaeological	knapping	floors/features	have	mean	radius	values	ranging	from	0.22	to	2.37	(mean	=	0.64m,	SD=0.49m,	N=34).	This	indicates	 that	 there	are	at	 least	some	knapping	 floors	 that	have	values	 falling	within	 the	experimental	range	(64.7%).				 			
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Table	43:	Spatial	attributes	of	piece	plotted	gibber	plain	knapping	sites	and	features	with	environmental	context.	Sites	highlighted	meet	the	requirements	for	knapping	strategy	variance	analysis.		
Site	 Feature	
Number		
Gibber	Clast	
Coverage	%	
#	
cores	
Feature	
Area	(m2)	
Mean	Radius	
of	Cluster	
(m)	
#	Knapping	
Strategies	
ODX_05805	 	 40	 4	 15.5	 1.12	 	
ODX_05815	 	 80	 2	 0.6	 0.33	 2	
ODX_05822	 	 50	 1	 2.3	 0.62	 	
ODX_05834	 	 80	 2	 0.37	 0.23	 1	
ODX_05857	 	 85	 1	 1.08	 0.39	 1	
ODX_05918	 	 40	 1	 0.8	 0.35	 1	
ODX_05932	 1	 70	 9	 0.8	 0.31	 	
ODX_05932	 2	 70	 3	 0.12	 0.19	 	
ODX_05932	 3	 70	 1	 8.7	 1.51	 	
ODX_05932	 4	 70	 1	 0.4	 0.31	 	
ODX_06932	 	 70	 3	 1.7	 0.35	 2	
ODX_06981	 	 40	 1	 0.2	 0.39	 	
ODX_06998	 	 50	 1	 3.3	 0.96	 	
ODX_11734	 	 70	 5	 0.9	 0.33	 	
ODX_11735	 	 50	 1	 0.7	 0.43	 1	
ODX_11738	 1	 80	 1	 0.7	 0.35	 1	
ODX_11738	 2	 80	 1	 0.5	 0.19	 1	
ODX_11782	 	 50	 3	 2.1	 0.58	 2	
ODX_12202	 	 50	 1	 63.3	 1.60	 1	
ODX_12525	 1	 70	 4	 9.4	 1.08	 	
ODX_12525	 2	 70	 3	 1.3	 0.43	 	
ODX_12526	 	 50	 1	 3.7	 2.37	 2	
ODX_13014	 	 60	 1	 2.7	 0.73	 1	
ODX_13021	 	 60	 3	 6.3	 0.87	 	
ODX_13392	 	 50	 1	 0.4	 0.22	 	
ODX_13394	 	 50	 3	 2.9	 0.48	 	
ODX_13396	 	 90	 3	 0.8	 0.29	 	
ODX_13399	 	 80	 3	 0.6	 0.28	 	
ODX_13478	 	 30	 2	 7.5	 1.07	 	
ODX_13479	 	 40	 3	 9.5	 1.13	 1	
ODX_15556	 	 10	 1	 0.7	 0.38	 	
ODX_15745	 	 50	 3	 1.8	 0.33	 	
ODX_15750	 1	 50	 0	 2.9	 1.10	 	
ODX_15750	 2	 50	 1	 2.6	 0.72	 			This	result	does	not	indicate	that	sites	that	are	much	less	clustered	are	produced	by	multiple	overprinting	events.	There	are	other	factors	which	may	also	explain	this	pattern	such	as	the	knapper	shifting	their	positioning	or	post-depositional	site	disturbance.	To	test	the	role	of	taphonomy	 in	 this	 pattern	 site	 clustering	 (feature	 mean	 radius)	 was	 compared	 to	 the	percentage	of	gibber	clast	coverage	at	 the	site.	This	gibber	characteristic	was	previously	shown	to	determine	the	degree	of	site	dispersion	in	the	taphonomic	experiments	in	Chapter	5.		
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This	 found	 a	moderately	 strong	 Spearman’s	 correlation	 between	 increasing	 gibber	 clast	cover	 and	 decreasing	 feature/site	 mean	 radius	 (Rs=-0.380,	 p=0.02,	 N=34).	 This	 finding	further	supports	the	hypothesis	that	at	least	the	majority	of	knapping	floor	sites	would	have	been	created	by	individual	knappers	working	in	one	location,	including	sites	with	multiple	worked	nodules.	 Sites	 that	have	 less	 clustering	 are	most	 likely	 the	 result	 of	 taphonomic	impacts.			Finally,	it	is	acknowledged	that	a	similar	clustering	of	the	sites	which	is	interpreted	to	be	created	 from	 individual	 knapping	 events,	 could	 theoretically	 be	 produced	 by	 multiple	knappers	 in	 separate	 events	 if	 they	 chose	 to	 position	 themselves	 in	 exactly	 the	 same	location.	This	 is	 considered	highly	unlikely	 for	 two	reasons.	Firstly,	 raw	material	 is	very	abundant	and	the	gibber	plain	 landscape	 is	vast.	Knapping	sites	 in	the	study	area	gibber	have	a	mean	spacing	of	22.76m	(SD=26.56m,	N=200).	This	is	relatively	distant	and	in	most	cases	other	knapping	sites	are	not	even	visible	from	each	other.	Thus	there	seems	to	be	no	reason	that	a	subsequent	knapper	would	choose	to	stand	on	exactly	the	same	location.		Additionally,	the	analysis	of	the	degree	of	core	reduction	at	the	knapping	sites	in	Chapter	6	found	 that	most	 cores	were	 abandoned	at	 a	 very	 similar	%	of	 volume	 lost	 and	 this	was	regardless	of	core	size.	Cores	were	also	abandoned	with	remaining	potential	so	that	they	could	have	produced	more	flakes	if	necessary.	If	sites	were	revisited	by	other	knappers	and	cores	reworked,	then	it	would	be	expected	that	a	much	higher	variability	in	this	degree	of	reduction	would	have	been	observed	than	was	the	case.		In	a	situation	where	two	knappers	are	working	together	it	would	also	not	be	expected	that	they	would	choose	to	stand	on	the	exact	same	location.	The	knapping	site	ODX_11738	is	the	ideal	 example	 of	 this	 as	 it	 was	 previously	 interpreted	 in	 Chapter	 6	 through	 principal	component	analysis	of	 the	assemblage	 that	 the	 two	closely	 located	(0.5m	apart)	clusters	were	made	by	separate	knappers.			Thus	it	is	interpreted	that	sites	that	have	a	mean	cluster	radius	of	≤0.62m	(the	maximum	clustering	produced	experimentally)	are	very	reliable	as	examples	of	site	formation	created	by	 individual	events.	Other	sites	with	clustering	greater	 than	 this	are	also	most	 likely	 to	have	been	produced	by	single	knapping	events	but	are	most	likely	impacted	by	taphonomic	processes	of	dispersion.	This	is	particularly	the	case	in	gibber	contexts	with	a	low	%	of	rock	cover	which	would	otherwise	protect	artefacts	from	movement	(Chapter	5).		
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Implications	of	Spatial	Analysis	for	Knapping	Strategy	Variability	by	Individuals	The	 following	 briefly	 revisits	 the	 analysis	 of	 knapping	 strategy	 variability	 by	 individual	knappers	previously	analysed	in	Chapter	6.	This	is	in	order	to	apply	the	spatial	analysis	now	completed	 which	 highlighted	 the	 most	 reliable	 examples	 of	 sites/features	 created	 by	individual	 knappers	 in	 single	 knapping	 events.	 The	 number	 of	 knapping	 strategies	represented	in	each	site/feature	(where	this	can	be	interpreted),	are	provided	in	Table	43.			For	 this	 analysis,	 only	 those	 knapping	 floors	 that	 have	 a	 spatial	 clustering	 within	 the	conservative	(given	that	there	would	be	a	degree	of	site	dispersion	overtime)	experimental	maximum	of	≤0.62m	are	included.	Only	sites/features	with	multiple	cores	are	relevant	for	this	 analysis	 as	 they	 are	 interpreted	 to	 represented	 the	 repeated	work	 of	 an	 individual	knapper	(where	 the	spatial	patterning	requirements	are	also	met).	Four	knapping	 floors	fulfilled	these	requirements	(and	are	shaded	in	Table	43).	Of	these,	three	have	two	knapping	strategies	 represented	 indicating	 strategy	 variability	 while	 the	 fourth	 had	 only	 one	(standardisation	in	strategy).	Sites	ODX_06932	and	ODX_11782	are	particularly	interesting	as	they	each	have	three	cores	with	a	total	of	two	knapping	strategies	represented.	There	was	one	strategy	repeated	in	two	of	the	cores	at	each	site	and	an	additional	strategy	used	for	the	third	cores.	Thus,	these	two	sites	represent	both	standardisation	and	variability	in	strategy.	Overall	the	results	support	the	previous	analysis	and	interpretation	developed	in	Chapter	6	that	individual	knappers	both	repeated	strategies	and	varied	their	approach.			
Interpreting	 Knapper	 Stance	 and	 Handedness	 from	 Spatial	
Patterns		This	 analysis	 interprets	 knapper	 stance	 and	 handedness	 from	 the	 intra-site	 spatial	distribution.		It	aims	to	test	the	research	potential	and	limits	of	interpretation	of	knapping	floor	sites	and	where	possible,	reveal	the	knapping	stances	used	as	part	of	the	way	stone	artefacts	were	made	in	the	gibber	plain.			The	first	part	of	the	analysis	assesses	the	suitability	of	sites	for	intra-site	spatial	analysis	by	considering	their	environmental	context	and	potential	for	taphonomic	disturbance.	Highly	clustered	 sites	 that	 were	 located	 in	 the	 most	 stable	 gibber	 plain	 conditions	 are	 then	interpreted	according	to	the	knapper	stance/handedness	models	developed	experimentally	in	Chapter	5.							
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Assessing	the	Suitability	of	Sites	for	Stance/Handedness	Analysis		The	taphonomic	experiments	described	in	Chapter	5	highlighted	that	the	most	stable	gibber	plain	contexts	were	those	with	the	greatest	gibber	clast	coverage	and	are	at	a	distance	from	active	 gilgais.	 Table	 44	 outlines	 the	 characteristics	 of	 each	 piece	 plotted	 knapping	 floor	collected	 in	 the	 study	 area	 and	 their	 environmental	 context.	 For	 a	 site	 to	 be	 considered	suitable	 for	 further	 intra-site	 spatial	 analysis,	 a	minimum	of	 50%	clast	 coverage	 and	no	evidence	of	gilgai	or	other	(such	as	pastoral)	disturbance	was	required.				 Table	44:	Environmental	context	of	knapping	floors	and	mean	radius	of	cluster		
Site	 Feature	
Number		
Gibber	Clast	
Coverage	%	
Within	2m	of	
Active	Gilgai?	
Notes	 Mean	Radius	of	
Cluster	(m)	
ODX_05805	 	 40	 No	 	 1.12	
ODX_05815	 	 80	 No	 	 0.33	
ODX_05822	 	 50	 No	 	 0.62	
ODX_05834	 	 80	 Yes	 	 0.23	
ODX_05857	 	 85	 No	 	 0.39	
ODX_05918	 	 40	 No	 Near	dam	
drainage		
0.35	
ODX_05932	 1	 70	 No	 	 0.31	
ODX_05932	 2	 70	 No	 	 0.19	
ODX_05932	 3	 70	 No	 	 1.51	
ODX_05932	 4	 70	 No	 	 0.31	
ODX_06932	 	 70	 No	 	 0.35	
ODX_06981	 	 40	 No	 	 0.39	
ODX_06998	 	 50	 No	 	 0.96	
ODX_11734	 	 70	 Yes	 	 0.33	
ODX_11735	 	 50	 No	 	 0.43	
ODX_11738	 1	 80	 No	 	 0.35	
ODX_11738	 2	 80	 No	 	 0.19	
ODX_11782	 	 50	 No	 	 0.58	
ODX_12202	 	 50	 No	 	 1.60	
ODX_12525	 1	 70	 No	 	 1.08	
ODX_12525	 2	 70	 No	 	 0.43	
ODX_12526	 	 50	 No	 	 2.37	
ODX_13014	 	 60	 Yes	 	 0.73	
ODX_13021	 	 60	 No	 	 0.87	
ODX_13392	 	 50	 Yes	 	 0.22	
ODX_13394	 	 50	 No	 	 0.48	
ODX_13396	 	 90	 Yes	 	 0.29	
ODX_13399	 	 80	 No	 	 0.28	
ODX_13478	 	 30	 Yes	 	 1.07	
ODX_13479	 	 40	 Yes	 	 1.13	
ODX_15556	 	 10	 Yes	 	 0.38	
ODX_15745	 	 50	 No	 	 0.33	
ODX_15750	 1	 50	 No	 	 1.10	
ODX_15750	 2	 50	 No	 	 0.72	
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	In	addition	to	these	context	criteria,	the	clustering	of	sites/features	measured	by	the	mean	radius	was	used	to	select	sites	using	the	experimental	maximum	of	0.62m.	This	is	a	useful	for	 highlighting	 sites	 with	 the	 greater	 spatial	 preservation	 as	 it	 was	 shown	 in	 the	taphonomic	 study	 in	 Chapter	 5,	 that	 artefacts	 in	 sites	 would	 disperse	 and	 decrease	 by	clustering	 measures	 if	 impacted	 by	 post-depositional	 natural	 processes.	 There	 was	 no	evidence	 of	 natural	 processes	with	 the	 possible	 exception	 of	 active	 gilgai	 (affected	 sites	were	already	excluded)	that	might	artificially	increase	the	clustering	of	sites.				Some	of	the	knapping	features	in	ODX_05918	fell	within	these	strict	selection	criteria	but	since	 the	 different	 features	 were	 so	 closely	 spaced	 it	 was	 too	 difficult	 to	 definitively	associate	individual	artefacts	with	specific	clusters	at	cluster	boundaries	so	was	excluded	from	further	spatial	analysis.	Following	the	strict	selection	criteria	nine	sites/features	were	considered	 suitable	 for	 further	 analysis.	 Maps	 of	 these	 sites	 and	 features	 are	 shown	 in	Figure	121.		The	knapping	experiments	conducted	in	Chapter	5	(see	Table	45)	highlighted	that	for	most	knapping	stances,	the	intra-site	spatial	pattern	produced	consisted	of	a	dense	concentration	of	 artefacts	 with	 a	 lower	 density	 directional	 spray	 of	 additional	 outer	 artefacts.	 The	exception	to	this	was	knapping	whilst	standing	which	produced	a	concentrated	area	with	the	artefacts	outside	of	this	area	more	randomly	positioned.	Examining	the	maps	in	Figure	121	it	 is	apparent	that	some	of	the	archaeological	sites	appear	to	be	a	cluster,	 indicating	either	that	the	site	has	been	disturbed	or	that	artefacts	are	missing	from	the	assemblage.	Both	scenarios	have	different	implications	for	interpretation	of	intra-site	spatial	patterning,	so	in	order	to	distinguish	these	factors,	the	size	distribution	of	artefacts	is	analysed.		The	 frequency	 of	 artefacts	 in	 different	 weight	 classes	 is	 shown	 in	 Table	 46.	 The	experimental	 model	 as	 expected	 conforms	 to	 a	 universal	 fractal	 distribution	 that	 has	increasing	 artefact	 frequency	 with	 smaller	 size	 (Brown	 2001).	 In	 contrast,	 the	archaeological	sites	are	clearly	missing	a	large	proportion	of	the	smallest	artefacts.	 	Only	Feature	1	in	ODX_11738	has	the	majority	of	artefacts	being	weight	class	1	(0.1-4.99g).	In	the	taphonomic	experiments	described	in	Chapter	5,	the	small	artefacts	in	this	size	range	were	more	likely	to	move	or	be	lost	to	erosion.	In	addition,	the	gibber	plain	surface	can	make	stone	artefacts,	particularly	smaller	ones,	difficult	to	identify	due	to	the	high	degree	of	stone	coverage.	 Artefacts	 are	more	 visible	when	 associated	with	 other	 larger	 artefacts	 and	 in	clusters.	 In	 contrast,	 artefacts	are	 less	visible	 in	 the	outer	edges	 (the	directional	 ‘spray’)	
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where	 they	 are	 at	 a	 much	 lower	 density	 and	 predominantly	 the	 smallest,	 size	 class	 1	artefacts	in	the	experimental	models.			It	is	clear	that	due	to	a	combination	of	taphonomic	or	visibility	issues,	only	the	smallest	(size	1)	artefacts	from	the	outer	edges	of	the	sites	have	been	impacted	and	are	missing	from	the	assemblages.	This	is	a	positive	result	for	the	spatial	stability	of	the	larger	artefact	classes	as	they	would	not	be	impacted	by	these	processes.	Thus,	the	experimental	knapping	models	are	applied	to	interpret	the	nine	sites/features	that	met	the	initial	selection	criteria,	with	caution	for	aspects	that	rely	on	the	distribution	of	the	smallest	weight	class	artefacts.				
	Figure	121:	Map	of	knapping	sites	and	features			
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		 Table	45:	Simplified	summary	of	defining	characteristics	of	scatters	from	different	knapper	stances	as	described	from	knapping	experiments	in	Chapter	5	
Knapping	
Stance	
Scatter	Shape	 Main	Concentration	
Area	Characteristics	
Artefact	
Sorting	
Relative	
Distance	of	
Weight	Class	
Spread	from	
Centroid	
Notes	
Forward	
Knapping,	
core	on	
ground	
	
	
	
Kneeling	produces	
smaller	denser	cluster	
than	squatting	
Widest	
spread:	1	
Narrowest	
spread:	3	
Direction	of	
artefact	spray	is	
away	from	
hammerstone	
hand	
Reverse	
knapping,	
core	on	
ground	 	
	 Widest	
spread:1	
Narrowest	
spread:2	
Skew	of	artefact	
spray	is	behind	
knapper	on	side	
of	core.	
Standing	 	
	
	
Diffuse	scatter	with	tiny	
area	of	concentration	
and	lower	percentage	
of	artefacts	in	that	
concentration	of	
around	50%	which	is	
lower	than	other	
knapping	methods	
Widest	
spread:	1	
Narrowest	
spread:3	
	
	 Table	46:	Frequency	of	artefacts	at	different	size	classes	
Sites/Feature	
Artefact	Weight	Classes	
1	(0.1-4.99g)	 2	(5g-49.9g)	 3	(50g+)	
Count	 %	 Count	 %	 Count	 %	
ODX_05815	 10	 38.5	 10	 38.5	 6	 23.1	
ODX_05857	 8	 15.1	 23	 43.4	 22	 41.5	
ODX_05932	Feature	1	 9	 15.5	 19	 32.8	 30	 51.7	
ODX_11735	 3	 16.7	 3	 16.7	 12	 66.7	
ODX_11738	Feature	1	 9	 47.4	 3	 15.8	 7	 36.8	
ODX_11738	Feature	2	 18	 32.7	 21	 38.2	 16	 29.1	
ODX_13394	 23	 19.2	 36	 30.0	 61	 50.8	
ODX_13399	 12	 26.7	 11	 24.4	 22	 48.9	
ODX_15745	 9	 17.3	 24	 46.2	 19	 36.5	
Experimental	Knapping	
Model	
	 74.3	 	 17.6	 	 8.1		
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Site	and	Cluster	Area	and	Density	Analysis	 	The	procedure	developed	for	the	experimental	sites	in	Chapter	5	to	identify	a	statistically	significant	‘hotspot’/cluster	and	calculate	a	normalised	density	of	artefacts	for	the	cluster	was	also	applied	to	the	archaeological	sites	in				Table	47.	Core	weight	and	mean	complete	flake	weight	are	also	included	in	this	table	as	this	information	 is	useful	 in	 considering	 the	 likelihood	of	 the	 site	being	 formed	by	knapping	whilst	holding	the	core	as	opposed	to	resting	it	on	the	ground.	Large	cores	were	unlikely	to	have	been	held	above	the	ground	whilst	knapping.			In	the	experimental	models,	knapping	whilst	holding	the	core	above	the	ground	produced	a	lower	percentage	of	artefacts	within	the	cluster	hotspot	than	when	knapping	with	the	core	on	 the	 ground.	 In	 the	 experimental	model	 this	 percentage	was	 around	50%	of	 the	 total	assemblage.	 In	 the	 archaeological	 sites	 seven	 of	 the	 nine	 sites/features	 have	 cluster	percentages	below	or	near	50%	of	the	total	assemblage.	However,	looking	at	the	large	size	of	 the	 cores,	many	 over	 2000g	 even	 at	 their	 point	 of	 discard,	 knapping	whilst	 standing	would	seem	unlikely	for	these	sites.	Thus	it	is	interpreted	that	the	missing	artefacts	from	the	smallest	weight	class	at	the	edges	of	the	scatters	have	skewed	the	result	of	the	density	and	hotspot	analysis.	Therefore,	 this	particular	aspect	of	 the	 intra-site	analysis	does	not	appear	to	be	possible	with	the	archaeological	datasets.		
	
Size	Sorting	Size	sorting	was	a	useful	attribute	for	analysing	knapping	stance	in	the	experimental	data	and	 in	 particular	 it	 was	 an	 aspect	 that	 could	 separate	 reverse	 from	 forward	 knapping	techniques	(see	Chapter	5).	This	type	of	analysis	is	also	ideal	for	the	interpretation	of	the	archaeological	sites	as	the	distinguishing	factor	used	is	the	spatial	distribution	of	the	two	largest	artefact	weight	classes.	Thus	the	ability	to	use	this	method	is	not	impacted	by	the	missing	smallest	artefacts	from	the	outer	edges	of	sites.		In	 the	 experimental	models	 (see	 Table	 45)	 reverse	 knapping	 had	 a	 distinctive	 distance	distribution	of	artefacts	from	the	centroid	with	weight	class	2	artefacts	having	the	smallest	distance	range.	In	contrast,	forward	knapping	techniques	produced	a	distribution	pattern	with	weight	class	3	having	the	smallest	distance	range.	Figure	122	through	to	Figure	129	show	 results	 of	 the	 frequency	 analysis	 of	 each	 size	 class	 at	 distances	 from	 the	 scatter	centroid.		
			 	Table	47:	Characteristics	of	knapping	floors	for	cluster	and	density	analysis	
Knapping	
Site/Feature	
Mean	
Radius	
(m)	
SD	
(m)	
Max	
Distance	
(m)	
Core	
Weight	
(g)	
Mean	
Complete	
Flake	Weight	
(g)	
N	
Total	
Artefacts	
plotted	
#	Arts	in	
Cluster	
p	
Cluster	%	of	
Assemblage	
A	
Cluster	
Area	
(m2)	
Cluster	
density	
(arts/m2)	
Dn	
Normalised	
Density	
(arts/m2)	
ODX_05815	 0.319	 0.154	 0.704	 1323.07	 283.46	 26	 7	 26.9	 0.013	 538.46	 1034.6	
ODX_05857	 0.397	 0.248	 0.994	 945.74	 88.12	 53	 17	 32.1	 0.085	 200.00	 188.82	
ODX_05932	
Feature	1	
1.744	 0.871	 3.974	
460.75	
759.88	
84.62	 58	 26	 45.0	 2.104	 12.36	 10.69	
ODX_11735	 0.370	 0.172	 0.714	 943.51	 68.73	 18	 4	 22.22	 0.025	 160.0	 444.4	
ODX_11738	
Feature	1	
0.358	 0.189	 0.833	 1257.81	 147.13	 19	 4	 21.05	 0.007	 571.42	 1503.57	
ODX_11738	
Feature	2	
0.195	 0.138	 0.672	 2949.25	 120.16	 55	 36	 65.45	 0.083	 433.73	 394.277	
ODX_13394	 0.529	 0.433	 3.556	 2287.43	 113.40	 120	 97	 80.83	 1.203	 80.63	 33.95	
ODX_13399	 0.282	 0.134	 0.579	
6400.30	
2487.07	
151.40	 45	 16	 35.55	 0.074	 216.21	 240.20	
ODX_15745	 0.322	 0.280	 1.188	 434.92	 97.95	 52	 36	 69.23	 0.191	 188.48	 181.23	
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	Figure	122:	ODX_05815	artefact	size	sorting	
	Figure	123:	ODX_05857	artefact	size	sorting	
	Figure	124:	ODX_05932	Feature	1	artefact	size	sorting	
	Figure	125:	ODX_11735	artefact	size	sorting	
	Figure	126:	ODX_11738	Feature	1	artefact	size	sorting	
	ODX_11738	Feature	2	artefact	size	sorting	
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	Figure	127:	ODX_13394	artefact	size	sorting	
	Figure	128:	ODX_13399	artefact	size	sorting	
	Figure	129:	ODX_15745	Artefact	Size	Sorting	
 
 
 	
	Size	 class	 1	 artefacts	 are	 not	 considered	 in	 this	 analysis	 since	 it	 has	 already	 been	demonstrated	these	are	not	fully	represented	in	the	archaeological	assemblages.	Some	of	the	archaeological	knapping	floors	also	had	a	similar	distance	distribution	of	size	2	and	3	artefacts	and	thus	cannot	be	interpreted	for	stance	using	this	method.	Several	sites/features	however	did	have	results	that	mirrored	the	experimental	models	for	forward	and	reverse	knapping.	Knapping	 floors	ODX__05815,	ODX_11738	(Features	1	and	2),	ODX_13394	and	ODX_13399	all	have	weight	class	2	artefacts	having	the	narrowest	distance	range	from	the	centroid.	 This	 pattern	 is	 the	 same	 as	 the	 experimental	 models	 for	 reverse	 knapping.	ODX_15745	 have	 a	 size-distance	 distribution	 pattern	 with	 weight	 class	 3	 having	 the	narrowest	range	and	this	reflects	 the	experimental	model	 for	 forward	knapping	stances.	This	suggests	that	the	reverse	knapping	technique/stance	was	the	most	commonly	used	in	the	study	area	gibber	but	there	was	some	variability.		
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		To	 further	 understand	 these	 results,	 core	 weight	 was	 examined	 in	 relation	 to	 the	interpreted	knapping	stances	as	a	potential	influencing	factor.	The	results	shown	in	Figure	130	demonstrate	that	the	weight	of	the	core	from	ODX_15745,	the	only	site	interpreted	as	forward	knapping,	was	much	lighter	(439.9g)	than	other,	reverse	knapping	sites/features	(mean	=	2784.15g,	SD=1892,	N=6).	There	are	 insufficient	examples	of	 forward	knapping	sites	 to	 test	 this	 pattern	 statistically,	 however	 these	 results	 appear	 to	 flag	 nodule/core	weight	as	a	likely	to	be	important	to	the	knapping	stance	used.			All	of	 the	sites	 interpreted	as	reverse	knapping	sites	have	core	sizes	that	are	 likely	to	be	difficult	or	 impossible	 to	knap	freehand	(particularly	considering	they	were	much	 larger	during	reduction)	and	would	require	a	technique	that	rests	the	cores	on	the	ground.	This	can	be	done	either	with	a	forward	or	reverse	technique,	however	it	appears	that	for	these	sites	 the	 reverse	 technique	 was	 chosen.	 In	 contrast,	 small	 cores	 such	 as	 that	 from	ODX_15745	would	benefit	from	the	knapping	precision	that	can	be	achieved	by	freehand	knapping.	While	there	are	a	number	of	options	for	knapper	leg	position	(kneeling,	squatting	or	standing)	all	freehand	knapping	is	forward	facing.			
	Figure	130:	Core	weight	for	knapping	floors	with	interpreted	stance		Another	interesting	result	of	this	analysis	is	the	fact	that	the	two	knapping	features	located	at	ODX_11738	both	appear	to	have	been	produced	by	the	same	knapping	stance	(reverse).	This	site	has	been	studied	extensively	in	Chapter	6	using	principal	component	analysis	and	refitting,	and	was	interpreted	to	be	created	by	two	different	individuals	using	a	similar	B1	
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knapping	strategy.	The	use	of	the	same	knapping	stance	now	shows	that	this	aspect	was	also	 shared	 by	 the	 two	 knappers,	 further	 supporting	 the	 interpretation	 that	 these	 two	features	were	created	at	 the	 same	 time	 (two	 individuals	working	 together)	and	 that	 the	knapping	 strategies	 they	 used	 influenced	 each	 other,	 an	 example	 of	 shared	 cultural	knowledge.	 These	 aspects	 and	 this	 site	 are	 explored	 further	 in	 a	 knapping	 narrative	 in	Appendix	9.			
Directionality	and	Scatter	Structure	Directionality	and	scatter	structure	were	examined	as	the	final	aspect	of	the	spatial	analysis	of	the	knapping	scatters	in	the	study	area.	This	aspect	of	site	patterning	was	shown	in	the	experimental	modelling	(Chapter	5)	to	enable	qualitative	interpretations	of	handedness	in	relation	to	known	knapper	stance.						Firstly,	 the	 distribution	 of	 the	 artefacts	 in	 the	 sites/features	 was	 modelled	 to	 look	 for	directional	trends.	The	directional	ellipses	created	using	the	method	outlined	in	Chapter	4	had	 long	 axis	 SD	 (2	 deviations)	 ranging	 from	1.073	 to	 1.963	 times	 the	 short	 axis	 SD	 (2	deviations)	 width	 (Table	 48).	 This	 indicates	 that	 all	 sites	 had	 a	 degree	 of	 directional	distribution	 that	was	 likely	 to	have	been	created	by	 the	knapping	process.	However,	 for	many	sites	this	was	not	large	or	indicative	of	the	experimental	models	(which	ranged	from	1.4	to	3.4).	Again	this	is	likely	to	be	caused	by	a	proportion	of	missing	smaller	artefacts	from	the	outer	edges	of	the	knapping	features.				 Table	48:	Standard	deviation	distance	along	long	and	short	axis	for	archaeological	knapping	areas	and	location	of	clusters	within	ellipse		
Site/Feature	
Long	Axis	SD	
(m)	
Short	Axis	
SD	(m)	
Long	Axis	
SD/Short	Axis	
SD	
Are	artefacts	clustered	
towards	one	end	of	ellipse	
long	axis?	
ODX_05815	 0.854	 0.549	 1.556	 Yes	
ODX_05857	 1.162	 0.628	 1.850	 No	
ODX_05932	
Feature	1	 4.905	 2.498	 1.963	 Yes	
ODX_11735	 0.934	 0.670	 1.394	 No	
ODX_11738	
Feature	1	
0.890	 0.711	 1.252	 No	
ODX_11738	
Feature	2	
0.542	 0.399	 1.358	 No	
ODX_13394	 1.515	 1.197	 1.266	 No	
ODX_13399	 0.645	 0.601	 1.073	 No	
ODX_15745	 0.961	 0.722	 1.331	 No	
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The	 structure	 of	 the	 knapping	 floors	was	 then	 examined	 since	 interpreting	 handedness	requires	 certain	 features.	 The	 experimental	 models	 of	 knapping	 created	 an	 artefact	distribution	with	a	greater	density	of	artefacts	closer	to	one	end	of	the	directional	ellipse	and	a	lower	density	along	the	directional	axis.	This	pattern	was	only	observed	for	two	sites:	ODX_05815	and	ODX_05932	(Table	48),	which	are	therefore	the	only	sites	that	can	be	used	for	this	analysis.			Figure	 131	 and	 Figure	 132	 are	 maps	 of	 these	 two	 sites	 with	 annotations	 showing	 the	patterning	and	structure	observed.	ODX_05815	(Figure	131)	has	a	patterning	within	 the	dense	cluster	(indicated	by	the	black	circle)	with	linearity	to	the	artefacts	within	it	(shown	by	the	line).	This	dense	linear	feature	forms	somewhat	of	a	boundary	with	artefacts	spread	outward	only	on	one	side.	This	patterning	is	very	similar	to	that	observed	in	the	knapping	experiments.	Linear	features	such	as	that	observed	here	were	created	during	experimental	knapping	and	 the	boundary	effect	was	caused	by	 the	position	of	 the	knees	and	 legs	 in	a	kneeling	position.			This	site	was	interpreted	from	the	artefact	size-distance	distribution	analysis	to	have	been	made	using	a	reverse	knapping	technique.	If	this	is	the	case,	then	the	spatial	patterning	of	the	site	suggests	the	knapper	facing	the	direction	indicated	by	the	arrow	in	the	Figure	131	and	knapping	the	core	with	their	left	hand.			ODX_05932	(Figure	132)	is	more	difficult	to	interpret.	There	is	a	dense	cluster	area	with	directional	fanning	out	of	artefacts	to	one	side.	However,	within	the	dense	cluster	there	is	not	one	side	that	is	denser	or	preserves	a	linear	feature.	Additionally,	the	size-distribution	of	 artefacts	 could	 not	 distinguish	 a	 forward	 or	 reverse	 knapping	 stance	 for	 this	 site.	Therefore,	handedness	cannot	be	interpreted.			It	is	acknowledged	that	this	type	of	analysis	may	be	particularly	impacted	by	a	small	amount	of	artefact	movement	that	could	conceivably	occur	if	a	knapper	moved	around	flakes	while	looking	for	suitable	tools.	This	type	of	behaviour	would	unlikely	impact	the	directionality	of	the	scatters	(or	degree	of	clustering)	but	could	easily	remove	clear	evidence	of	the	linear	features	indicative	of	knapper	body	position	or	create	false	features.	Thus	these	results	are	very	much	only	 tenuous	suggestions	and	attempts	 to	explore	 the	 interpretative	 limits	of	intra-site	knapping	floor	spatial	analysis.	Given	that	universally	human	left-handedness	is	far	 less	 common	 (10%)	 than	 right-handedness	 (Hardyck	 and	 Petrinovich	 1977)	 this	 is	probably	an	indication	that	this	method	has	not	been	successful	and	that	the	interpretation	of	ODX_05815	is	incorrect.	
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	Figure	131:	Directionality,	structure	and	intepretation	of	ODX_05815	
	Figure	132:	Directionality	and	structure	of	ODX_05932	Feature	1	
Conclusions	
	This	 intra-site	 spatial	 analysis	 has	 produced	 a	 number	 of	 interesting	 outcomes	 towards	meeting	 both	 research	 aims	 of	 this	 thesis.	 Firstly,	 this	 has	 been	 a	 demonstration	 of	 the	research	potential	of	knapping	floor	sites	for	highly	detailed	spatial	analysis.	Applying	the	experimental	models	created	in	Chapter	5	it	was	found	that	an	individual	event	formation	by	a	single	knapper	was	the	most	likely	scenario	for	the	majority	of	knapping	floor	sites.	This	is	important,	as	it	means	that	individual	knapping	features	can	be	interpreted	as	the	work	 of	 individuals	 and	 assemblages	 created	 from	 separate	 nodules	 within	 features	interpreted	as	synchronic	depositions.			It	was	found	by	analysing	the	size	distributions	of	the	archaeological	knapping	floors	that	smaller	 flakes	 were	 underrepresented	 but	 that	 there	 was	 no	 indication	 of	 systemic	disturbance	 affecting	 larger	 artefact	 weight	 classes.	 This	 therefore	 highlights	 the	importance	of	focusing	on	artefacts	>5g.	The	artefact	size-distance	distribution	analysis	was	therefore	an	ideal	method	for	intra-site	spatial	analysis	as	it	uses	only	weight	class	2	and	3	artefacts	to	distinguish	between	reverse	and	forward	knapping	techniques.	Application	of	this	analysis	 technique	was	very	successful	with	 identification	of	knapper	stance	 for	 five	sites/features.		As	a	 result	of	 the	underrepresentation	of	 small	artefacts,	 the	other	analytical	 techniques	were	not	as	successful.	This	included	hot	spot	analysis	and	the	examination	of	directional	
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distribution	and	structures	 in	 the	scatter	 to	 interpret	handedness.	 It	 is	suggested	 that	 in	order	to	interpret	handedness	from	knapping	floor	sites,	it	would	be	necessary	to	collect	a	larger	 proportion	 of	 the	 smaller	 artefact	 classes.	 If	 these	were	missed	 during	 collection	simply	due	to	visibility	issues	in	the	study	area	gibber	plain,	these	methods	potentially	could	still	have	utility	in	these	types	of	environments.		It	would	be	necessary	to	focus	fieldwork	on	much	larger	areas	around	the	main	cluster	and	to	sieve	all	sediment	to	find	these	smaller	artefacts.			The	results	of	this	chapter	have	also	contributed	to	higher	resolution	understandings	of	the	way	stone	artefacts	were	made	in	the	study	area	knapping	sites	as	part	of	the	organisation	of	technology.	After	the	spatial	analysis	confirmed	that	a	large	percentage	of	sites	were	most	likely	the	result	of	individual	events,	knapping	strategy	variability	was	re-examined.	Both	variation	and	standardisation	in	knapping	strategies	in	several	highly	clustered	knapping	floor	 sites	 were	 found.	 Thus	 knapping	 strategy	 variability	 cannot	 be	 accounted	 for	 by	overprinting	of	diachronic	events	by	different	individual	knappers.		This	finding	supports	the	 hypothesis	 from	 Chapter	 6	 that	 knapping	 strategy	 choice	 was	 largely	 a	 product	 of	individual	 agency	 to	 the	 extent	 that	 the	 trajectory	 of	 knapping	 was	 determined	 by	 the	individual	knapper.	As	discussed	in	Chapter	2	and	as	will	be	explored	in	greater	depth	in	Chapter	 10,	 this	 does	 not	 need	 imply	 knapping	 variability	 was	 always	 a	 focused	 and	conscious	 act.	 Variability	 and	 one	 form	of	 individual	 agency	may	 also	 be	 the	 product	 of	habitual	creativity	which	is	largely	semi-conscious	and	almost	random	in	nature	(Glăveanu	2012).			The	 intra-site	 spatial	 analysis	 in	 this	 chapter,	 in	particular	 the	 size-distance	distribution	method,	 has	 also	 provided	 information	 about	 the	 stance	 of	 individual	 knappers.	 This	demonstrated	that	the	reverse	knapping	stance	was	the	most	commonly	used	technique	in	the	study	area.	This	relates	to	ethnographic	observations	of	central	Australian	Aboriginal	knapping	by	Hiscock	(2004).	There	was	also	one	site	that	appeared	to	be	knapped	using	a	forward	 stance,	 and	 this	 highlighted	 the	 influencing	 role	 that	 the	 size	 of	 knapped	nodules/cores	likely	played	in	the	choice	of	knapping	stance/technique	used.			These	results	have	definitively	demonstrated	the	utility	of	analysing	knapping	floor	sites	at	this	 high-resolution	 scale	 and	 the	 accessibility	 of	 many	 aspects	 of	 individual	 knapping	events.	Further	analysis	of	these	knapping	floor	sites	and	assemblages	continues	in	Chapter	9	 with	 a	 landscape-scale	 analysis	 and	 comparison	 with	 the	 dune	 site	 assemblages	 as	 a	product	of	long-term	trends	and	use	of	place.	By	shifting	the	examination	to	this	larger	scale,	
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further	insights	may	be	gained	about	the	function	and	role	of	the	knapping	floor	sites	in	the	overall	organisation	of	technology.	 	
232		
	
8	|	Stone	Artefact	Technology	of	Sand	
Dune	Sites	
	This	 chapter	 provides	 the	 results	 of	 a	 technological	 analysis	 of	 the	 stone	 artefact	assemblages	sampled	from	nine	sand	dune	sites	in	the	study	area.	These	are	analysed	with	two	 specific	 objectives	 that	 relate	 to	 the	 primary	 research	 aim	 of	 characterising	 the	organisation	of	technology	in	the	study	area.	These	objectives	are	to	understand	the	long-term	 use	 of	 the	 local	 quartzite	 raw	 material	 on	 the	 sand	 site	 context	 and	 to	 compare	quartzite	artefacts	to	those	made	of	other	non-local	raw	materials.			Maps	and	descriptions	of	the	fieldwork	undertaken	at	these	sites	are	available	in	Appendix	8.	As	discussed	in	the	site	sampling	strategy	in	Chapter	4,	the	largest	dune	site	ODX_15546	is	given	particular	emphasis	in	this	analysis	as	the	major	focus	of	habitation	in	the	area	and	a	representative	time-averaged	palimpsest	of	the	complete	14k	years	of	dated	occupation	in	the	study	area	(Sullivan	and	Hughes	2014).				General	 site	 characteristics	 are	 outlined,	 followed	 by	 a	 study	 of	 the	 composition	 of	 the	assemblages.	Analysis	 then	 focuses	on	quantifying	 and	 comparing	 the	 relative	degree	of	reduction	of	artefacts	of	different	raw	materials	to	understand	the	technological	role	and	treatment	of	different	raw	materials	and	the	influence	of	local	availability	versus	non-local	origin.	
Dune	Site	Characteristics		The	nine	sand	dune	sites	were	surface	artefact	scatters	varying	in	site	area	from	16m2	to	30,000m2.	 The	 density	 of	 artefacts	 within	 the	 sampled	 areas	 ranged	 from	 0.41	 to	 50	artefacts/m2	(see	Table	49).	ODX_15546	is	significantly	larger	in	area	and	higher	in	artefact	density	than	the	other	sites	analysed,	having	an	estimated	1500,000	artefacts	on	the	site	surface.						
	Table	49:	Characteristics	of	dune	sites	including	artefact	numbers,	raw	materials	present,	and	percentage	of	retouched	artefacts	
Site	 Site	
Area	
(m2)	
Overall	Art.	
Density	(art/m2)	
Est.	Total	#	
Arts	
#	
Artefacts	
Sampled	
Quartzite	 Silcrete	 Chert	 Quartz	 Other	 %	
Retouch	%	by	
N	
%	by	
wt	
%	by	
N	
%	by	
wt	
%	by	
N	
%	by	
wt	
%	by	
N	
%	by	
wt	
%	by	
N	
%	by	
wt	
ODX_05894	 35	 7.74	 271	 271	 69.92	 96.52	 6.33	 0.43	 1.58	 0.29	 21.64	 2.70	 0.53	 0.05	 0.39	
ODX_05898	 66	 12.62	 833	 833	 52.57	 86.41	 44.57	 11.11	 2.69	 2.50	 0.16	 0.01	 -	 -	 0.62	
ODX_05930	 35	 3	 105	 41	 16.05	 92.08	 16.67	 1.92	 13.10	 5.87	 -	 -	 1.19	 0.14	 0.00	
ODX_05951	 16	 3.63	 58	 58	 89.17	 95.40	 6.67	 0.75	 3.33	 3.82	 -	 -	 0.83	 0.03	 0.00	
ODX_05964	 40	 0.83	 33	 33	 53.19	 86.04	 44.68	 13.90	 2.13	 0.06	 -	 -	 -	 -	 3.22	
ODX_05982	 216	 0.41	 88	 88	 96.80	 99.90	 2.40	 0.04	 2.40	 0.04	 -	 -	 -	 -	 2.27	
ODX_06900	 15	 2	 30	 30	 20.00	 65.30	 56.67	 13.26	 23.33	 21.44	 -	 -	 -	 -	 0.00	
ODX_12203	 20	 2.15	 43	 43	 60.00	 98.38	 28.75	 0.90	 8.75	 0.41	 1.25	 0.22	 1.25	 0.09	 2.32	
ODX_15546	 30,000	 50	 1500,000	 4305	 36.52	 91.53	 56.36	 6.27	 5.42	 1.99	 1.31	 0.12	 0.40	 0.10	 3.00		Table	50:	Dune	site	assemblage	composition	by	Artefact	Numbers	
Artefact	Type	
ODX_	
05894	
ODX_	
05898	
ODX_	
05930	
ODX_	
05951	
ODX_	
05964	
ODX_	
05982	
ODX_	
06900	
ODX_	
12203	
ODX_	
15546	
SUM	
Angular	Frag.	 72	 268	 11	 17	 12	 14	 0	 12	 299	 705	
Anvil	 0	 0	 0	 0	 0	 0	 0	 1	 6	 7	
Backed	Artefact	 1	 0	 0	 0	 0	 0	 0	 0	 7	 8	
Core	 12	 31	 1	 4	 2	 1	 4	 3	 142	 200	
Flake	Frag.	 60	 182	 16	 24	 16	 29	 5	 9	 1537	 1878	
Flaked	Piece	 3	 6	 0	 0	 0	 0	 1	 0	 36	 46	
Grinding	Stone	 0	 1	 0	 0	 0	 0	 0	 0	 1	 2	
Hammers	 2	 5	 0	 3	 0	 1	 3	 4	 57	 75	
Heat	Shatter	 3	 10	 0	 21	 0	 15	 0	 0	 26	 75	
Non-artefact	 33	 114	 32	 24	 2	 8	 0	 25	 116	 354	
Ret.	Flake	 0	 5	 0	 0	 1	 2	 1	 1	 136	 146	
Whole	Flake	 193	 603	 24	 27	 14	 55	 16	 25	 2383	 3340	
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All	 of	 the	 dune	 sites	 contained	 artefactual	 and	 non-artefactual	 rocks	 from	 a	 variety	 of	different	raw	materials	(Table	49).	All	stones	on	the	dunes	required	human	intervention	and	thus	they	are	all	archaeologically	significant.	Each	of	the	nine	dune	sites	had	quartzite,	silcrete	 and	 chert	 present.	 Minor	 amounts	 of	 other	 materials	 such	 as	 quartz	 were	 also	present	at	some.		The	‘other’	category	of	material	included	limestone	and	ochre	but	these	were	in	very	small	amounts	and	generally	were	unmodified	stones.			The	percentage	of	retouch	of	flakes	and	flake	fragments	was	relatively	low	with	some	sites	having	no	retouch	and	ODX_15546	and	ODX_05964	having	the	highest	rates	of	retouch	at	3.00%	and	3.22%	respectively	(Table	49).	Overall	there	were	very	few	formal	stone	artefact	types	 recorded	at	any	of	 the	 sites	 (Table	50).	Of	 flaked	 formal	 tool	 types	 in	 the	 samples	collected	for	each	of	the	sites,	there	were	no	points	or	tulas	recorded	and	only	a	few	backed	artefacts	 at	 ODX_15546	 and	 one	 at	 ODX_05894.	 There	 were	 however	 a	 number	 of	hammerstones	at	most	of	the	sites,	and	a	small	number	of	grindstones	and	anvils.		
The	Use	of	Different	Raw	Materials	
 As	 was	 discussed	 in	 Chapter	 3,	 the	 gibber	 plain	 within	 the	 study	 area	 only	 contains	knappable	quartzite	raw	material	and	very	minute	amounts	of	quartz	in	pebble	form.	There	is	no	knappable	silcrete	or	the	types	of	chert	represented	in	the	sand	dune	assemblages.	Given	the	extreme	abundance	of	the	local	gibber	quartzite	and	its	identical	appearance	to	quartzite	dune	site	artefacts,	it	is	a	logical	interpretation	that	quartzite	artefacts	are	made	of	 local	materials.	 In	 contrast,	 silcrete	 and	 chert	 artefacts	 are	 interpreted	 to	be	made	of	materials	derived	from	sources	outside	the	study	area.	There	are	very	few	quartz	artefacts	in	 the	assemblages	and	while	 they	may	also	be	of	 local	origin	 there	are	 too	 few	to	make	significant	 interpretations	 about	 these.	 The	 following	 analysis	 therefore	 compares	 local	quartzite	use	to	other	raw	materials	which	are	non-local	to	the	study	area.			
Total	Amounts	of	Raw	Materials	Used	By	weight	(Figure	133)	quartzite	is	clearly	the	dominant	raw	material	at	91.56%	of	the	total	artefact	 assemblages,	 followed	 by	 silcrete	 (5.92%)	 and	 chert	 (2.18%).	 However,	 by	frequency	of	artefacts	and	non-artefacts	(Figure	134),	silcrete	dominates	with	48.73%	of	the	 total,	 followed	 by	 quartzite	 (43.99%)	 and	 chert	 (4.78%).	 This	 indicates	 clearly	 that	quartzite	artefacts	and	other	non-modified	items	are	almost	always	larger	and	heavier	than	those	made	from	silcrete	and	chert.			
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	Figure	133:	Total	weight	of	different	raw	materials	from	artefacts	and	non-artefacts	at	the	dune	sites		
	Figure	134:	Total	count	of	different	stone	items	including	their	raw	materials	from	dune	sites	
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Raw	Material	and	Artefact	Types	Certain	raw	materials	may	be	preferentially	used	for	particular	artefact	types.	To	test	this	hypothesis,	the	raw	materials	used	for	each	artefact	type	were	analysed	(Figure	135	and	Table	 51).	 From	 the	 raw	 data	 it	would	 appear	 there	 are	 preferences	 for	 particular	 raw	materials	for	certain	types	of	artefacts.	For	example,	100%	of	anvils	were	made	of	quartzite	and	there	were	no	quartz,	limestone	or	silcrete	hammerstones.		
	Figure	135:	Percentage	of	raw	materials	for	artefact	types	by	count			To	examine	these	differences	statistically,	a	chi	square	test	for	association	was	conducted.	Due	to	small	sample	sizes	of	the	other	raw	materials	this	association	was	tested	only	for	quartzite,	chert	and	silcrete	artefacts.	To	prevent	expected	cell	frequencies	less	than	5	it	was	necessary	to	combine	several	groups.	Backed	artefacts	and	retouched	flakes	were	combined	into	a	retouched	artefacts	category.	Whole	flakes,	flaked	pieces	and	flake	fragments	were	combined	 into	 a	 flake	 category.	 It	was	 also	 necessary	 to	 combine	 anvils,	 hammerstones	grindstones	 and	 heat	 shatter	 with	 another	 category	 due	 to	 their	 small	 sample.	 These	artefact	types	were	incorporated	into	the	non-artefact	category	(rounded	manuports).	The	analysis	showed	a	statically	significant	association	between	raw	material	and	artefact	type	(χ2=	309.20,	df=	8,	p	=0.000).	This	indicates	that	for	many	artefact	types	there	is	a	strong	preference	for	certain	raw	materials	over	others.		
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The	greatest	contributors	to	this	association	are	as	follows:		
- The	 combined	 category	 of	 non-artefacts,	manuports,	 hammerstones,	 grindstones	and	 anvils	 having	 a	 higher	 percentage	 of	 quartzite	 use	 than	would	 be	 randomly	expected.	 There	 are	 also	 far	 fewer	 silcrete	 items	 in	 this	 category	 than	would	 be	expected	for	a	random	selection.	
- There	 are	 fewer	 quartzite	 flakes	 than	 would	 be	 randomly	 expected	 with	 larger	amounts	and	higher	numbers	of	chert	and	silcrete	flakes.	
- There	are	fewer	chert	angular	fragments	than	expected.		To	determine	if	certain	raw	materials	were	preferred	specifically	for	retouched	artefacts	in	comparison	to	non-retouched	flakes	(and	flake	fragments)	and	cores,	a	chi	squared	test	for	association	 was	 performed	 for	 these	 three	 categories.	 This	 revealed	 a	 statistically	significant	 association	 between	 artefact	 types	 and	 raw	 materials	 (χ2	 =	 27.76,	 df=	 4,	p	=0.000).		Cores	were	the	greatest	contributor	to	these	results	with	far	more	quartzite	and	silcrete	cores	than	expected	in	a	random	assemblage.		Flakes	 were	 also	 compared	 separately	 to	 retouched	 artefacts	 and	 there	 was	 also	 a	significant	association	between	artefact	type	and	raw	material	(χ2	=	6.07,	df=	2,	p	=0.048).	This	 showed	 that	 there	 were	 more	 chert	 and	 silcrete	 retouched	 flakes	 than	 would	 be	randomly	expected	and	more	quartzite	non-retouched	flakes.	Therefore,	there	is	a	greater	preference	for	the	finer-grained	raw	materials	for	retouched	flakes.	Overall	this	reflects	the	use	of	raw	materials	in	the	wider	Roxby	dunefield	region	(Hughes	et	al.	2014a).							
	Table	51:	Raw	materials	and	artefact	types	
Type	
Chert	 Limestone	 Ochre	 Quartz	 Quartzite	 Silcrete	
N	 %	 N	 %	 N	 %	 N	 %	 N	 %	 N	 %	
Anvil	 0	 0.00	 0	 0.00	 0	 0.00	 0	 0.00	 7	 100.00	 0	 0.00	
Backed	Artefact	 2	 25.00	 0	 0.00	 0	 0.00	 0	 0.00	 0	 0.00	 6	 75.00	
Core	 13	 6.50	 0	 0.00	 0	 0.00	 5	 2.50	 110	 55.00	 72	 36.00	
Flake	Fragment	 67	 3.60	 0	 0.00	 0	 0.00	 35	 1.90	 784	 41.70	 992	 52.80	
Flaked	Piece	 5	 10.90	 0	 0.00	 0	 0.00	 1	 2.20	 6	 13.00	 34	 73.90	
Grinding	Stone	 0	 0.00	 0	 0.00	 0	 0.00	 0	 0.00	 2	 100.00	 0	 0.00	
Hammerstone	 1	 1.30	 0	 0.00	 0	 0.00	 0	 0.00	 74	 98.70	 0	 0.00	
Amor.	Retouched	Flake	 11	 7.50	 0	 0.00	 0	 0.00	 0	 0.00	 51	 34.90	 84	 57.50	
Whole	Flake	 193	 5.78	 0	 0.00	 0	 0.00	 78	 2.34	 1329	 39.79	 1740	 52.10	
Heat	Shatter	 1	 1.30	 0	 0.00	 0	 0.00	 0	 0.00	 70	 93.30	 4	 5.30	
Non-artefact	 25	 7.06	 18	 5.08	 3	 0.85	 4	 1.13	 228	 64.41	 76	 21.47	
Angular	Fragment	 9	 1.30	 1	 0.10	 0	 0.00	 24	 3.40	 347	 49.20	 324	 46.00	
Total	Assemblage	 	 4.78	 	 0.28	 	 0.07	 	 2.15	 	 43.99	 	 48.73	
Total	Artefact	
Assemblage	 	 5.12	 	 0	 	 0	 	 2.09	 	 41.44	 	 51.35	
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Comparing	Relative	Artefact	Reduction	of	Different	Raw	Materials	Several	 different	 measures	 of	 core	 and	 flake	 reduction	 were	 examined	 to	 investigate	whether	 raw	 materials	 were	 reduced	 to	 differing	 degrees	 due	 to	 either	 raw	 material	conservation	 practices	 or	 the	 manufacture	 of	 different	 artefact	 types.	 This	 included	 a	comparison	of	flake	to	core	ratio	of	the	different	raw	materials	and	measures	of	reduction	from	 artefact	 attributes.	 For	 the	 following	 reduction	 analysis	 only	 the	 large	 assemblage	from	ODX_15546	was	 considered.	 This	 site	 provided	 the	most	 representative	 sample	 of	long-term	dune	site	occupation	and	its	assemblage	was	measure	at	the	high	detail	necessary	for	several	quantitative	measures	that	are	used	as	part	of	this	analysis	(see	Appendix	1).			
Flake	to	Core	Ratio	The	ratio	of	flakes	to	cores	for	the	different	raw	materials	are	presented	in	Table	52.	These	ratios	demonstrate	that	silcrete	and	chert	have	a	higher	proportion	of	flakes	to	cores	when	compared	to	quartz	and	quartzite	artefacts.	This	suggests	either	that	these	raw	materials	were	 reduced	 to	 a	 greater	degree	 and/or	 that	 flakes	of	 silcrete	 and	 chert	 that	had	been	produced	elsewhere	were	brought	to	the	dune	sites	rather	than	being	the	result	of	in	situ	knapping.	These	two	options	can	be	tested	with	the	other	measures	of	reduction	that	follow.		 Table	52:	Flake	to	core	ratio	for	artefacts	from	ODX_15546	
	 Chert	 Quartz	 Quartzite	 Silcrete	
MNF	 195	 42	 1110	 1887	
Cores	 8	 3	 74	 57	
MNF/Cores	
Ratio	 24.38	 14.00	 15.00	 33.11	
	
Core	Measurements	Cores	 of	 different	 raw	 materials	 are	 compared	 by	 mean	 weight,	 mean	 total	 cortex	percentage	cover	and	mean	number	of	flaking	platforms	to	quantify	relative	core	reduction	(Table	53).	These	statistics	were	analysed	with	ANOVA	(Table	54).	For	this	analysis	only	quartzite,	chert	and	silcrete	cores	were	compared,	as	there	were	too	few	quartz	cores	for	this	level	of	analysis.	The	results	indicate	that	quartzite	cores	were	on	average	much	larger	than	silcrete	cores.	Chert	cores	were	smaller	than	quartzite	cores	but	this	difference	was	not	significant,	possibly	due	to	the	small	sample	size	of	chert	cores	(N=	13).				There	is	a	significant	difference	in	cortex	cover	between	quartzite	and	silcrete	cores	with	less	cortex	cover	on	silcrete	cores,	 indicative	of	an	increased	rate	of	reduction.	Again	the	chert	 core	 assemblages	 appear	 to	 be	 too	 small	 to	 find	 a	 significant	 difference	 for	 this	variable	despite	a	mean	value	which	was	much	lower	than	that	for	quartzite	cores.		
	240
	 Table	53:	Core	characteristics	of	dune	assemblages	by	raw	material	type	
Raw	
Material	
Basic	
Analysis	
Count	
Mean	
wt	(g)	
SD	wt	
(g)	
Detailed	
Analysis	
Count	
Mean	
Total	
Cortex	
%	
SD	
Cortex	
%	
Mean	#	
Flaking	
Plats.	
Chert	 13	 174.24	 261.30	 4	 16	 29.26	 2.50	
Quartz	 5	 29.25	 22.46	 0	 -	 -	 -	
Quartzite	 110	 517.75	 594.72	 28	 66	 20.01	 1.36	
Silcrete	 72	 48.16	 84.64	 8	 19	 17.46	 2.12		 Table	54:	ANOVA	analysis	of	core	variables	between	different	raw	materials	
Variable	 F	 df	 p	 Games-Howell	post	hoc	analysis	
Weight	(g)	 7.303	 3,	
131	
0.000	 Significant	only	for	quartzite	vs	silcrete	cores	
(p=0.000)	
%	Overall	Cortex	
Cover	
16.163	 2,	36	 0.000	 Significant	only	between	quartzite	and	silcrete	
cores	(p=0.000)			
Complete	Flake	Measurements	To	 further	 explore	 the	 comparative	 degree	 of	 core	 reduction	 of	 different	 raw	materials,	unretouched	flake	attributes	are	also	examined	(Table	55).	The	percussive	length,	striking	platform	 width,	 number	 of	 dorsal	 scars	 and	 striking	 platform	 and	 dorsal	 cortex	 cover	percentage	were	analysed	for	complete	flakes	of	the	different	raw	materials	using	ANOVA.			In	 analysing	 the	 cortex	 cover	 of	 both	 the	 dorsal	 and	 striking	 platform	 surfaces	 of	 the	complete	flakes	it	was	necessary	to	exclude	quartz	artefacts	due	to	their	small	sample	size	with	zero	variance.	For	the	other	raw	materials	there	was	also	a	violation	of	the	assumption	of	 homogeneity	of	 variances	 so	 it	was	necessary	 to	use	Welch’s	ANOVA.	The	 results	 are	presented	in	Table	56.		This	analysis	indicated	clear	general	differences	between	the	local	quartzite	and	other	raw	materials	(quartz,	silcrete	and	chert).	Quartzite	flakes	were	on	average	much	larger,	with	more	 cortex	 on	 both	 dorsal	 and	 striking	 platform	 surfaces	 and	with	 significantly	 fewer	dorsal	 scars.	When	 combined	 these	 results	 indicate	 overall	 a	 lower	 degree	 of	 reduction	(which	 could	 include	 core	 and	 artefact	 reduction	 if	 the	 flakes	 were	 produced	 during	retouching)	of	the	quartzite	artefacts	compared	to	the	other	materials.		On	the	other	hand,	there	was	 no	 statistical	 difference	 between	 silcrete	 and	 chert	 artefacts	 for	 the	 variables	measured,	suggesting	they	had	a	similar	degree	of	reduction.				
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	 Table	55:	Complete	flake	characteristics	
Raw	
Material	
N	 Percussive	
Length	
Striking	
Platform	
Width	
#	Dorsal	
Scars	
Dorsal	
Cortex	%	
Striking	
Platform	
Cortex	%	
Mean	
(mm)	
SD	 Mean	
(mm)	
SD	 Mean	 SD	 Mean	 SD	 Mean	 SD	
Chert	 193	 14.54	 11.57	 3.16	 2.92	 4.06	 2.13	 14.84	 28.62	 4.52	 19.12	
Quartz	 78	 13.00	 5.01	 4.86	 3.58	 3.50	 1.00	 .00	 .00	 .00	 .00	
Quartzite	 1329	 29.03	 31.25	 6.70	 6.33	 2.61	 1.68	 21.42	 31.75	 30.00	 45.31	
Silcrete	 1740	 14.20	 9.80	 3.06	 2.53	 4.30	 2.25	 7.43	 18.71	 4.38	 19.42			 Table	56:	ANOVA	analysis	of	complete	flake	measurements	compared	by	raw	material	type	
Variable	 Welch’s	
F	
df	 p	 Games-Howell	post	hoc	analysis	
significant	for:	
Percussive	Flake	Length	
(mm)	
27.556	 3,	
59.56	
0.000	 Quartzite	vs	quartz	p=0.000	
Quartzite	vs	silcrete	p=0.000	
Quartzite	vs	chert	p=0.000	
Striking	Platform	Width	
(mm)	
25.387	 3,	
27.38	
0.000	 Quartzite	vs	silcrete	p=0.000	
Quartzite	vs	chert	p=0.000	
Dorsal	cortex	cover	%	 15.845		 2,	74.5	 0.000	 Quartzite	vs	chert	p=0.000	
Quartzite	vs	silcrete	p=0.000	
Striking	Platform	Cortex	
Cover	%	
26.978	 2,	78.7	 0.000	 Quartzite	vs	chert	p=0.000	
Quartzite	vs	silcrete	p=0.000	
#	Dorsal	Scars	 31.973	 3,	
13.40	
0.000	 Quartzite	vs	silcrete	p=0.000	
Quartzite	vs	chert	p=0.005			
Retouched	Artefacts	The	percentage	of	retouch	is	a	simple	measure	of	the	amount	of	flake	reduction	for	a	given	raw	material.	It	is	measured	as	the	percentage	of	complete	flakes	and	flake	fragments	and	includes	 both	 amorphously	 retouched	 artefacts	 and	 artefacts	 that	 conform	 to	 a	 formal	artefact	type	(e.g.	backed	artefacts,	tulas).	A	chi-square	test	for	association	was	conducted	between	raw	material	and	frequency	of	retouched	artefacts	for	silcrete,	quartzite	and	chert.	There	 were	 no	 retouched	 quartz	 artefacts	 and	 therefore	 these	 were	 excluded	 from	 the	analysis	 to	 ensure	 all	 expected	 cell	 frequencies	 were	 greater	 than	 five.	 There	 was	 a	statistically	significant	association	between	raw	material	and	the	presence	of	retouch	on	flakes	and	flake	fragments	(Chi	Squared	χ2	=6.039,	df	=	2,	p	=0.049).	It	was	observed	that	chert	and	silcrete	artefacts	were	more	likely	to	be	retouched	than	quartzite	artefacts	(Table	57).				
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Table	57:	Percentage	of	Retouch	for	Flakes	and	Flake	Fragments	of	Different	Raw	Materials	
Raw	
Material	 Retouched	 Unretouched	 Total	
%	
Retouched	
Chert	 13	 260	 273	 4.76	
Quartzite	 51	 2113	 2164	 2.36	
Silcrete	 90	 2732	 2822	 3.19	
Quartz	 0	 113	 113	 0.00	
 
Conclusions	
 This	has	been	a	brief	examination	of	the	stone	artefact	assemblages	collected	from	nine	sand	dune	artefact	scatter	sites	in	the	study	area.	This	was	done	to	compare	the	use	of	different	raw	materials	in	the	artefact	assemblages	in	order	to	understand	the	technological	value	and	use	of	local	versus	non-local	raw	materials	in	the	overall	organisation	of	technology.			Even	though	there	was	an	abundance	of	quartzite	material	locally	available	in	the	study	area	it	was	found	that	by	number,	silcrete	was	the	dominant	raw	material	used	for	artefacts.	This	was	followed	by	quartzite,	then	chert	by	frequency.	Quartzite	artefacts	were	however	much	larger	 than	 those	 of	 non-local	 artefacts	 so	 that	 by	 total	 assemblage	 weight,	 quartzite	dominated	the	assemblage.	This	is	largely	a	reflection	of	the	degree	of	reduction	of	quartzite	artefacts	(less)	than	other	raw	materials	(greater)	as	well	as	the	influence	of	several	larger	artefact	types	on	the	statistical	trends	that	quartzite	was	the	preferred	material	(such	as	anvils	and	grindstones).	These	differences	are	described	in	further	detail	below.		The	 analysis	 of	 raw	 material	 use	 for	 particular	 technological	 forms	 showed	 clear	preferences.	The	local	materials	were	favoured	for	anvils,	hammerstones,	cores	and	heat-shatter	 (reflecting	 use	 as	 hearth	 stone	 material).	 This	 is	 interpreted	 to	 be	 both	 for	technological	reasons	and	a	factor	of	locality	as	these	tend	be	much	larger	types	of	artefacts	for	which	the	local	quartzite	source	would	have	offered	lower	transport	costs.	Additionally,	quartzite	is	more	coarsely	grained	and	a	softer	rock-type	than	silcrete	and	chert,	superior	attributes	for	hammers	and	anvils.	For	this	reason,	regardless	of	availability,	quartzite	is	the	preferred	material	for	these	artefact	types	throughout	the	Roxby	dunefield	region	(Hughes	
et	al.	2014a).			In	contrast,	there	was	a	clear	preference	for	retouched	artefacts	and	unretouched	flakes	to	be	made	 from	 silcrete	 and	 chert.	 These	 finer	 grained	materials	may	offer	 superior	 edge	holding	abilities	and	be	more	suitable	for	retouching	and	worth	maintaining	(Domanski	et	
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al.	 1994;	 Hughes	 et	 al.	 2014a;	 Webb	 and	 Domanski	 2008).	 This	 reflects	 technological	differences	 in	 the	 raw	 materials.	 Reduction	 and	 raw	 material	 conservation	 practices	however	are	also	a	likely	contributor	to	this	trend.		For	all	measures	of	reduction	(flake	and	core)	it	was	clear	that	the	non-local	raw	materials	were	reduced	to	a	greater	degree	than	the	local	quartzite.	This	data	demonstrated	that	non-local	flakes	were	more	likely	to	be	retouched	which	may	have	been	done	to	resharpen	and	extend	the	useful	life	of	flakes	when	edges	became	dull	(Cornford	1986).	Silcrete	and	chert	cores	showed	much	higher	rates	of	reduction	resulting	in	the	production	of	more	flakes	and	hence	 a	 greater	 degree	 of	 exploitation	 of	 their	 potential.	 The	 flake	 assemblages	 also	reflected	 production	 at	 higher	 rates	 of	 core	 reduction.	 Overall	 this	 suggests	 increased	reduction	was	used	as	a	raw	material	conservation	practice	to	gain	the	most	out	of	available	non-local	raw	materials.			This	difference	in	the	treatment	of	local	and	non-local	raw	materials	may	be	due	to	several	different	or	combining	factors.	The	non-local	chert	and	silcrete	may	have	been	more	highly	valued	due	to	its	higher	quality.	Additionally,	since	it	was	the	preferred	material	for	certain	formalised	 artefact	 forms	 such	 as	 backed	 artefacts	 and	 points,	 the	 knapping	 strategy	 to	create	these	technologies	may	have	required	a	greater	degree	of	reduction	than	the	local	informal	quartzite	technology.	It	was	shown	that	some	of	the	difference	in	reduction	of	the	materials	 is	 that	non-local	materials	were	more	highly	reduced	prior	 to	 transport	 to	 the	sand	 dune.	 This	 pattern	 mirrors	 that	 observed	 elsewhere	 world-wide	 and	 is	 generally	referred	 to	 as	 a	 distance	 to	 source	 reduction	 trend	 (eg.	 Binford	 1979;	 Hiscock	 2007a;	Newman	1994).	It	can	be	a	way	that	people	reduce	unnecessary	material	bulk	(particularly	cortex)	prior	to	transport	or	may	also	be	produced	where	mobile	peoples	make	artefacts	from	carried	cores	for	expedient	use	(Binford	1979).	These	scenarios	may	operate	within	embedded	or	direct	procurement	strategies	and	there	is	no	means	to	distinguish	between	them	with	the	available	evidence	(Smith	2006).	It	is	for	this	reason	that	procurement	mode	of	the	sand	dune	artefacts	was	not	a	specific	goal	of	this	study	(unlike	for	the	knapping	floors	where	a	different	methodology	could	be	followed)	and	that	instead	observations	about	the	selection	and	use	of	different	materials	was	the	focus	as	part	of	 the	overall	procurement	practices.	Should	the	individual	source	distances	of	the	exotic	cherts	and	silcretes	become	available	 in	 the	 future	 this	 topic	 may	 be	 revisited	 as	 these	 materials	 have	 similar	technological	properties.			For	both	 local	 and	non-local	materials	procurement	 strategies	allowed	a	 large	degree	of	flexibility	for	future	knapping.	There	were	many	quartzite	manuports	which	appear	to	have	
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been	stockpiled	for	future	use.	While	manuports	of	non-local	materials	were	much	rarer,	they	still	occurred	and	there	were	also	significant	numbers	of	cores	of	all	materials.	This	provided	greater	flexibility	in	future	use	compared	to	transporting	only	flakes	or	retouched	artefacts.	It	may	also	have	acted	as	way	of	stockpiling	for	future	needs	and	enabled	knappers	to	potentially	be	separate	from	the	raw	material	procurement	process.	The	hypothesis	that	much	of	the	assemblage	can	be	explained	by	in	situ	knapping	on	the	sand	dune	is	explored	in	 in	 much	 greater	 detail	 in	 chapter	 9.	 In	 this	 chapter,	 the	 dune	 site	 (ODX_15546)	assemblage	is	compared	to	the	gibber	plain	knapping	floors	to	better	understand	the	long-term	 trends	 of	 quartzite	 artefact	 procurement	 that	 contributed	 to	 the	 sand	 dune	assemblages.					 	
	 245	
9	|	Landscape	Scale	Analysis	of	Sites	
and	Assemblages	
	This	chapter,	the	last	to	present	results	in	this	thesis,	takes	the	analysis	of	the	study	area	sand	dune	and	gibber	plain	knapping	floor	sites	to	the	landscape	scale.	This	has	two	parts,	which	both	contribute	to	understanding	the	organisation	of	technology	in	the	study	area	over	 the	 long-term	human	use	of	 this	place.	This	 first	part	brings	 together	 the	results	of	Chapter	6	and	Chapter	8	which	focused	on	the	gibber	plain	knapping	floor	and	sand	dune	site	assemblages	separately.	The	quartzite	component	of	the	large	dune	site	ODX_15546	is	compared	to	the	gibber	plain	knapping	floor	sites.	The	analysis	allows	an	interpretation	of	the	procurement	practices	that	were	undertaken	to	create	the	quartzite	assemblage	on	the	sand	dune.	This	tests	the	hypothesis	that	dune	site	quartzite	artefacts	were	derived	from	the	gibber	plain	knapping	floor	sites.	This	comparison	also	seeks	to	understand	the	role	of	the	gibber	plain	knapping	floors	in	the	overall	organisation	of	technology	and	to	identify	landscape	scale	connections	and	movement	of	material	and	artefacts.		The	 second	 part	 of	 this	 chapter	 is	 a	 spatial	 analysis	 of	 the	 location	 of	 the	 gibber	 plain	knapping	floor	sites	in	the	wider	landscape.	It	compares	the	location	of	sites	to	a	number	of	variables	to	test	what	factors	may	have	contributed	to	the	selection	of	a	particular	location.	The	methodology	of	 this	 analysis	has	been	discussed	 in	Chapter	4	and	 relates	 to	 a	 cost-benefits	analysis	to	interpret	the	mode	of	procurement	behaviour	(Binford	1979),	as	either	a	separate	or	embedded	practice	to	other	economic	activities.	Again	this	is	a	crucial	part	of	understanding	the	organisation	of	technology	in	the	study	area	and	of	revealing	the	human	behaviours	and	underlying	strategies	behind	the	formation	of	the	study	area	assemblages.		
Comparison	 of	 Gibber	 Plain	 Knapping	 Floor	 and	 Sand	 Dune	
Quartzite	Assemblages	
	The	 following	 is	 a	 comparison	 of	 the	 gibber	 plain	 knapping	 floor	 assemblages	 to	 the	quartzite	artefact	component	of	the	large	dune	site	ODX_15546.	Each	artefact	type	in	the	assemblages	are	compared	focusing	on	relative	measures	of	reduction.	Cortex	area	analysis	is	 conducted	 to	 look	 for	 missing	 artefacts	 from	 each	 assemblage	 setting.	 From	 these	analyses	estimates	of	the	number	of	quartzite	artefacts	that	were	present	on	the	surface	of	ODX_15546	and	that	could	reasonably	have	been	produced	in	all	the	study	area	knapping	
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floors	is	used	to	compare	relative	scales.	The	combinations	of	these	results	are	interpreted	to	 test	 contrasting	 hypotheses	 that	 might	 characterise	 the	 sand	 dune	 and	 gibber	 plain	knapping	 floor	assemblages,	and	explain	procurement	practices	 in	 the	study	area.	These	are:		 4. Quartzite	artefacts	from	the	gibber	plain	knapping	floors	were	transported	to	the	dune	site.	5. Complete	gibber	nodules	were	 transported	 to	 the	dune	site	where	 they	were	knapped	in	situ	to	produce	artefacts.	6. A	number	of	flakes	transported	to	the	dune	site	from	the	gibber	plain	knapping	floor	sites	were	retouched	at	the	dune	site.		That	 a	 combination	 of	 these	 different	 production	 and	 procurement	 lifecycles	may	 have	taken	place	is	also	considered,	and	it	is	expected	that	if	this	were	the	case,	it	would	be	visible	in	the	results	of	the	comparison	of	the	assemblages.	The	results	of	the	comparison	of	the	dune	 site	 and	 gibber	 plain	 knapping	 floor	 assemblages	 are	 presented	 to	 evaluate	 the	explanatory	value	of	the	hypotheses.		
	
	
Flake	Attributes	Results	show	that	dune	site	flakes	are,	on	average,	much	smaller	than	those	from	the	gibber	plain	in	terms	of	striking	platform	width	and	percussive	length	measurements	(Table	58).	This	 could	 reflect	 either	 or	 both	 the	 knapping	 of	 smaller	 stone	 nodules,	 or	 there	 being	artefacts	produced	at	a	later	stage	of	core	reduction	or	from	retouching	flakes.	Analysing	other	flake	attributes	associated	with	core	reduction,	using	the	reduction	model	created	in	Chapter	6,	can	help	to	clarify	the	reason	for	the	differences	observed.				The	 dune	 site	 flakes	 had	more	 dorsal	 scars	 and	 less	 cortex	 cover	 than	 the	 gibber	 plain	knapping	floors,	suggesting	that	they	were	produced	as	a	result	of	a	higher	degree	of	core	reduction	than	the	gibber	plain	knapping	floor	flakes.	There	was	no	difference	in	striking	platform	cortex	percentage	between	 the	 two	settings	but	 this	 is	not	 surprising	as	 it	was	indicated	in	the	refitting	analysis	(Chapter	6)	that	this	variable	was	not	a	reliable	measure	of	reduction	and	instead	represented	only	the	amount	of	unidirectional	knapping	(such	as	knapping	strategy	A)	when	compared	with	other	knapping	methods.	This	can	be	correlated	with	the	core	comparison	that	follows.					
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Table	58:	Quartzite	flake	attributes	for	dune	and	gibber	plain	assemblages	
Context	 N	 Percussive	
Length	(mm)	
Striking	
Platform	
Width	(mm)	
Dorsal	Cortex	
Cover	%	
Striking	
Platform	
Cortex	
Cover	%	
#	Dorsal	
Scars	
	 	 Mean	 SD	 Mean	 SD	 Mean	 SD	 Mean	 SD	 Mean	 SD	
Dune	
Site	 382	 29.03	 31.25	 29.03	 31.25	 21.42	 31.75	 21.42	 31.75	 2.61	 1.68	
Gibber	
Plain	
Knapping	
Floors	
431	 58.56	 32.19	 58.56	 32.19	 32.20	 33.69	 32.20	 33.69	 2.30	 1.62	
	 	Table	59:	ANOVA	comparison	of	sand	dune	vs	gibber	plain	knapping	floor	flake	attributes	
Variable	 F	 df	 p	
Percussive	length	(mm)	 326.274	 1,	811	 0.000	
Striking	platform	width	(mm)	 326.274	 1,	682	 0.000	
Striking	platform	cortex	cover	%	 0.923	 1,	606	 0.337	
Dorsal	cortex	cover	%	 13.599	 1,	611	 0.000	
#	Dorsal	Scars	 4.730	 1,	612	 0.030	
	
	
Core	Attributes	Quartzite	 cores	 from	 the	 gibber	 plain	 knapping	 floors	 and	 the	 sand	 dunes	 site	 were	compared	for	three	key	attributes.	These	were	weight,	percentage	of	overall	cortex	cover	and	 average	 last	 flaking	 platform	 angle	 (Table	 60).	 	 ANOVA	 comparison	was	 completed	(Table	61)	which	showed	that	on	average,	the	dune	site	cores	were	much	smaller	than	the	gibber	plain	cores,	but	there	was	no	difference	in	overall	core	cortex	percentage	or	average	last	 flaking	 platform	 angle.	 The	 similar	 proportions	 of	 core	 cortex	 in	 each	 assemblage	indicate	 that	 the	 cores	 are	 likely	 to	 have	 been	 reduced	 to	 a	 similar	 degree	 (percentage	volume	 loss	compared	 to	original	nodule	size).	The	similar	platform	angles	 indicate	 that	there	were	no	differences	produced	in	this	measurement	from	higher	rates	of	reduction	or	increased	problems	encountered	in	either	context	to	cause	core	discard.	These	attributes	combined	with	the	significantly	different	core	sizes	in	the	different	settings,	indicate	clearly	that	the	cores	on	the	dune	site	reflect	the	reduction	of	smaller	nodules	than	those	worked	in	the	gibber	plain	knapping	floors.	This	result	was	not	expected	given	that	the	flake	data	for	 the	 dune	 sites	 were	 characteristic	 of	 an	 increased	 degree	 of	 reduction.	 This	demonstrated	 that	 further	 analysis	 of	 other	 aspects	 of	 the	 assemblages	 were	 required	before	of	the	results	could	lead	to	an	interpretation	of	procurement	scenarios.				
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				Table	60:	Quartzite	core	attributes	
Context	 N	 Weight	(g)	 Total	Cortex	
Cover	%	
Average	Last	Flaking	
Platform	Angle	
	 	 Mean	 SD	 N	 Mean	 SD	 N	 Mean	 SD	
Dune	Site	 110	 517.75	 648.09	 110	 65.56	 20.0	 52	 77.05	 13.87	
Gibber	Plain	
Knapping	Floors	
120	 1485.18	 1737.90	 120	 56.02	 25.63	 23	 73.68	 13.35		 Table	61:	ANOVA	comparison	of	sand	dune	and	gibber	plain	knapping	floor		quartzite	cores	
Variable	 F	 df	 p	
Weight	(g)	 33.322	 1,	205	 0.000	
Overall	Cortex	Cover	%	 2.791	 1,	74	 0.099	
Average	Platform	Angle	(degrees)	 0.958	 1,	73	 0.331		
	
Retouched	Flakes	The	 percentage	 of	 retouch	 among	 quartzite	 flakes	 on	 the	 sand	 dune	 site	 was	 3%	 in	comparison	to	only	1%	in	the	gibber	plain	knapping	floors.	The	comparison	of	the	dune	site	and	gibber	plain	retouched	flakes	showed	that	those	on	the	dune	site	were	smaller	by	all	measurements	 applied	 than	 gibber	 plain	 retouched	 flakes	 (Table	 62)	 and	 that	 this	difference	was	statistically	significant	(Table	63).	This	is	interpreted	as	evidence	of	in	situ	retouching	of	smaller	flakes	on	the	dune	site	rather	than	the	transport	of	already	retouched	flakes	from	the	gibber	plain	knapping	floors.			 Table	62:	Comparison	of	retouched	quartzite	flakes	on	dune	Site	and	in	gibber	plain	knapping	floors	
Context	 N	 Percussive	Length	
(mm)	
Striking	Platform	Width	
(mm)	
Striking	Platform	
Thickness	(mm)	
	 	 Mean	 SD	 Mean	 SD	 Mean	 SD	
Dune	Site	
22	 41.91	 22.692	 11.00	 10.452	 24.00	 15.780	
Gibber	Plain		
Knapping	
Floors	
37	 73.92	 32.285	 39.08	 21.163	 15.70	 10.577			 Table	63:	ANOVA	comparison	of	retouched	quartzite	flake	attributes		between	dune	site	and	gibber	plain	knapping	floors	
Variable	 F	 df	 p	
Percussive	Length	(mm)	 16.670	 1,	57	 0.000	
Striking	Platform	Width	(mm)	 15.680	 1,	57	 0.000	
Striking	Platform	Thickness	(mm)	 4.335	 1,	56	 0.042		
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A	greater	intensity	of	flake	reduction	could	produce	smaller	retouched	flakes	on	the	dune	site	 in	 comparison	 to	 the	 gibber	 plain	 artefacts.	 Unfortunately,	 no	 measurements	 were	taken	in	sufficient	detail	and	sample	size	to	analyse	this	directly.	Retouching	is	unlikely	to	change	the	striking	platform	measurements	however	as	it	was	noted	during	analysis	that	most	retouch	occurred	either	on	flake	margins	and/or	at	the	distal	ends.	This	points	to	the	dune	 site	 retouched	 artefacts	 being	made	 from	 smaller	 original	 flakes	 than	 those	 in	 the	gibber	plain.	
	
Hammerstones		The	weight	of	quartzite	hammerstones	from	the	dune	sites	and	gibber	plain	knapping	floors	were	compared	(Table	64).	A	T-test	was	used	to	analyse	these	data	which	indicated	that	dune	site	hammerstones	were	significantly	smaller	than	those	in	the	gibber	plain	knapping	floors	(T	=-5.381,	df	=	78,	p=0.000).	This	is	generally	consistent	with	the	relative	sizes	of	cores	 in	 the	 gibber	 plain	 knapping	 floors	 and	 the	 sand	 dune	 sites.	 Generally	 smaller	hammerstones	 provide	 greater	 control	 when	 working	 smaller	 cores.	 Conversely	 when	larger	cores	are	reduced,	as	they	were	in	gibber	plain	knapping	floors,	they	allow	greater	force	 to	 be	 exerted	 and	 larger	 flakes	 to	 be	 produced	 (Amick	 et	 al.	 1988).	 Smaller	hammerstones	on	the	dune	site	may	also	be	simply	a	transport	cost	reduction	strategy.						 Table	64:	Quartzite	hammerstone	attributes	
Context	 N	 Weight	(g)	
	 	 Mean	 SD	
Dune	Sites	 74	 420.83	 349.53	
Gibber	Plain	
Knapping	Floors	
45	 994.90	 741.72		
	
Dune	Site	Manuports	and	Refitted	Knapping	Floor	Nodules	There	are	many	unworked	quartzite	nodules	on	the	dune	sites	in	the	study	area	that	are	identified	 as	manuports.	 One	 possible	 intended	 use	 of	 the	 dune	manuports	 (that	 never	eventuated)	might	have	been	for	in	situ	artefact	production,	and	to	test	this	the	size	of	these	dune	manuports	are	compared	to	refitted	gibber	plain	nodules	(Table	65).	This	showed	that	on	average	dune	site	manuports	were	smaller	than	gibber	plain	refitted	nodules.	This	was	confirmed	with	a	T-test	(T=-8.640,	df=	384,	p=0.000).						
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	 Table	65:	Comparison	of	quartzite	manuports	on	ODX_15546	to	refitted		quartzite	nodules	from	the	gibber	plain	knapping	floors	and	available	gibber	clasts	
Context/Sample	 N	
Mean	Length	
(mm)	
St	Dev	
Dune	Site	
Manuports	 357	 47.15	 47.82	
Refitted	Knapping	
Floor	Nodules	 11	 135.65	 39.33			
Cortex	Area	Analysis	Cortex	area	ratios	(CAR)	produced	by	cortex	area	analysis	(CAA)	were	compared	between	the	dune	site	and	the	gibber	plain	knapping	floors.	The	results	are	presented	in	Table	66.	The	CAR	are	values	<1	for	all	sites	in	both	the	gibber	plain	and	sand	dune.	This	indicates	that	 there	 is	 lower	 cortex	 area	 in	 these	 sites	 than	would	 be	 expected	 if	 the	 assemblage	represented	all	the	flakes	produced	from	the	number	of	nodules	estimated.	This	indicates	that	there	is	a	degree	of	artefacts	missing	from	all	the	artefact	assemblages	and	that	some	form	of	 transportation	 is	 likely	 involved.	This	 result	does	not	specifically	 link	 the	gibber	plain	knapping	floor	sites	with	the	sand	dune	since	there	is	no	evidence	of	higher	or	lower	amounts	of	cortex	in	either	of	these	two	contexts	as	would	be	expected	if	a	direct	connection	was	 the	 dominant	 procurement	 strategy.	 This	 result	 does	 not	 rule	 out	 the	 possible	connection	 however	 between	 the	 knapping	 floors	 and	 the	 sand	dune	 sites	 as	 additional	factors	may	be	involved	to	create	the	sand	dune	assemblage	which	might	overwhelm	the	effect	from	a	contribution	of	gibber	plain	knapping	floor	flakes.	This	is	explored	further	with	other	forms	of	analysis	in	this	chapter.			
Core	to	Flake	Ratios	The	 ratio	 of	 the	 number	 of	 quartzite	 cores	 to	 the	minimum	 number	 of	 quartzite	 flakes	(MNF)	 is	examined	as	this	may	provide	another	measure	of	the	degree	to	which	artefact	production	is	a	dominant	activity	at	a	site.	The	MNF/core	ratio	of	the	knapping	floors	(mean	=16.7051,	SD=12.54)	was	slightly	higher	than	the	dune	site	ratio	of	15,	however	this	was	not	statistically	different	when	analysed	with	ANOVA	(F=0.018,	df=	1,46,	p=-.894).	This	is	a	key	result	as	it	has	been	shown	that	retouching	occurred	on	the	dune	site	which	would	have	produced	additional	flakes.	This	indicates	that	there	is	likely	to	have	been	a	more	complex	set	 of	 procurement	 and	knapping	behaviour	 at	 play	 than	 simply	 the	 in	 situ	 reduction	of	complete	nodules	with	3%	retouch.			
		 Table	66:	Cortex	Area	Analysis	Comparison	of	Knapping	Floor	Sites	and	Dune	site	Assemblages	
Site/Context	
Total	
Assemblage	
Mass	(g)	
Assemblage	vol.	
(cm3)	
#	
Cores/Estimated	
#	Nodules	
Est.	Nodule	
volume	(cm3	
Est	Cortex	Area	
(cm2)	for	1	
nodule	
Total	Estimated	
Cortex	
Actual		Cortex	
Area	(cm2)	
Cortex	Area		
Ratio	(CAR)	
DUNE:	 	 	 	 	 	 	 	 	
ODX_15546	 23358	 8781.20	 28.00	 313.61	 1027.05	 28757.51	 3593.48	 0.12	
KNAPPING	
FLOORS:	 	 	 	 	 	 	 	 	
ODX_05815	 5269	 1980.83	 1.00	 1980.83	 3509.35	 3509.35	 627.00	 0.18	
ODX_05827	 8265	 3107.14	 6.00	 517.86	 1434.84	 8609.02	 1197.00	 0.14	
ODX_05828	 2815	 1058.27	 2.00	 529.14	 1455.59	 2911.19	 524.00	 0.18	
ODX_05834	 1553	 583.83	 2.00	 291.92	 979.12	 1958.24	 400.00	 0.20	
ODX_05857	 3590	 1349.62	 1.00	 1349.62	 2717.30	 2717.30	 554.00	 0.20	
ODX_05859	 4850	 1823.31	 1.00	 1823.31	 3320.75	 3320.75	 704.00	 0.21	
ODX_05905	 4688	 1762.41	 2.00	 881.20	 2045.09	 4090.19	 618.00	 0.15	
ODX_05918	 1709	 642.48	 1.00	 642.48	 1656.67	 1656.67	 294.00	 0.18	
ODX_06930	 3392	 1275.19	 1.00	 1275.19	 2616.45	 2616.45	 480.00	 0.18	
ODX_06931	 5005	 1881.58	 2.00	 940.79	 2136.28	 4272.55	 763.00	 0.18	
ODX_06932	 7816	 2938.35	 3.00	 979.45	 2194.41	 6583.22	 683.00	 0.10	
ODX_06968	 2427	 912.41	 1.00	 912.41	 2093.09	 2093.09	 347.00	 0.17	
ODX_11728	 5450	 2048.87	 1.00	 2048.87	 3589.27	 3589.27	 762.00	 0.21	
	Site/Context	
Total	
Assemblage	
Mass	(g)	
Assemblage	vol.	
(cm3)	
#	
Cores/Estimated	
#	Nodules	
Est.	Nodule	
volume	(cm3	
Est	Cortex	Area	
(cm2)	for	1	
nodule	
Total	Estimated	
Cortex	
Actual		Cortex	
Area	(cm2)	
Cortex	Area		
Ratio	(CAR)	
ODX_11735	 2108	 792.48	 4.00	 198.12	 756.16	 3024.65	 349.00	 0.12	
ODX_11738	 9824	 3693.23	 3.00	 1231.08	 2555.76	 7667.27	 1502.00	 0.20	
ODX_11778	 3068	 1153.38	 2.00	 576.69	 1541.55	 3083.11	 435.00	 0.14	
ODX_11782	 1945	 731.20	 3.00	 243.73	 868.17	 2604.52	 298.00	 0.11	
ODX_12202	 2211	 831.20	 1.00	 831.20	 1966.98	 1966.98	 583.00	 0.30	
ODX_12526	 5132	 1929.32	 3.00	 643.11	 1657.75	 4973.24	 810.00	 0.16	
ODX_13014	 1466	 551.13	 1.00	 551.13	 1495.65	 1495.65	 263.00	 0.18	
ODX_13019	 1852	 696.24	 1.00	 696.24	 1747.84	 1747.84	 214.00	 0.12	
ODX_13020	 3627	 1363.53	 3.00	 454.51	 1315.30	 3945.91	 298.00	 0.08	
ODX_13398	 6705	 2520.68	 5.00	 504.14	 1409.38	 7046.89	 1140.00	 0.16	
ODX_13479	 6076	 2284.21	 3.00	 761.40	 1855.26	 5565.79	 970.00	 0.17	
ODX_13480	 4468	 1679.70	 4.00	 419.92	 1247.70	 4990.80	 584.00	 0.12	
KF	Mean	 	 	 	 	 	 	 	 0.17	
KF	SD	 	 	 	 	 	 	 	 0.05		
	253	
Estimate	of	the	Total	Number	of	Quartzite	Artefact	in	the	Study	Area	Sites	It	 is	 useful	 to	 consider	 the	 total	 number	 of	 quartzite	 artefacts	 at	 the	 sand	 dune	 site	ODX_15546	and	in	all	the	gibber	plain	knapping	floors	in	the	study	area.	This	is	to	obtain	some	practical	 idea	of	 the	comparative	size	scale	of	 the	aggregate	assemblages	 to	assess	whether	 the	 knapping	 floors	 could	 have	 contributed	 all	 or	 a	 major	 component	 of	 the	ODX_15546	assemblages.	That	assessment	requires	a	high	level	of	estimation	and	provides	approximate	numbers.	It	does	not	indicate	the	exact	number	of	artefacts	in	the	different	site	contexts	but	instead	a	comparison	of	scale.		Not	all	gibber	plain	knapping	floors	in	the	study	area	were	collected.	While	the	HEHODAP	survey	(Sullivan	and	Hughes	2014)	provides	estimates	of	the	number	of	artefacts	in	each	site,	but	when	more	time	is	spent	at	a	site	and/or	the	assemblage	is	collected,	it	has	been	observed	that	many	more	artefacts	are	found	than	were	estimated	during	the	survey.	For	both	ODX_15546	and	the	gibber	plain	knapping	floors	information	from	the	sample	of	sites	collected	and	analysed	is	used	here	to	provide	a	more	robust	estimation	of	the	number	of	quartzite	artefacts	in	the	study	area	as	a	whole.				
ODX_15546	Quartzite	Artefact	Numbers	The	original	HEHODAP	survey	estimated	the	total	size	of	ODX_15546	as	covering	an	area	of	100m	x	300m	with	an	average	artefact	density	of	50/m2.	That	density	was	confirmed	using	the	sample	collection	of	the	site	for	this	PhD	project.	The	technological	analysis	of	artefacts	from	the	site	(Chapter	7)	concluded	that	33.23%	of	were	made	of	quartzite	of	which	66%	of	the	flake	and	flake	fragment	assemblage	were	complete	flakes.	There	was	a	1/15	core	to	flake	ratio	for	quartzite.	That	sample	assemblage	provides	a	reasonable	basis	for	estimating	of	the	number	of	quartzite	flakes	and	cores	on	the	ODX_15546	site	as	a	whole.	It	is	noted	that	 this	 figure	 is	 for	 the	 surface	 assemblage	only	 and	 there	would	be	 likely	 to	be	more	artefacts	in	subsurface	deposits,	as	in	fact	was	found	in	the	HEHODAP	excavation	(Sullivan	and	Hughes	2014).	Since	deflation	of	the	sand	dune	is	a	major	contributor	to	site	formation	at	ODX_15546	it	would	not	be	appropriate	to	apply	the	number	of	artefacts	in	the	HEHODAP	excavation	to	the	rest	of	the	site	as	this	excavation	specifically	targeted	non-deflated	areas.			Using	the	figures	presented	it	is	estimated	that	there	is	a	total	of	1500,000	artefacts	on	the	ODX_15546	 surface.	 Of	 these	 498,450	 (a	 rounded	 estimate	 of	 500,000)	 are	 made	 of	quartzite.	Using	the	flake	to	core	ratio	and	flake	breakage	measurements	from	the	sample	analysed	it	is	estimated	that	for	ODX_15546	as	a	whole,	there	are	roughly	354,348	complete	and	retouched	quartzite	flakes,	120,479	flake	fragments	and	23,623	quartzite	cores.			
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Estimation	of	Quartzite	Knapping	Floor	Artefact	Numbers	and	Possible	Artefact	Output	There	 are	 187	 quartzite	 knapping	 floors	 in	 the	 study	 area	 gibber	 plain.	 From	 the	 sites	collected	the	mean	number	of	quartzite	artefacts	was	66	and	if	this	is	characteristic	of	the	rest	 of	 the	 gibber	 knapping	 floor	 sites	 there	would	 be	 a	 rough	 total	 of	 12,350	quartzite	artefacts	in	the	gibber	plain.	This	figure	relates	to	artefacts	remaining	in	the	gibber	plain	knapping	floors	however	and	not	artefacts	that	could	have	been	transported	to	the	dune	site.	The	refitted	nodules	however	provide	an	estimate	of	the	number	of	artefacts	that	may	be	 missing	 from	 each	 knapped	 nodule.	 Of	 the	 refitted	 nodules	 in	 which	 this	 could	 be	measured,	the	average	number	of	flakes	missing	from	the	reduction	cluster	was	2.25.	The	estimated	average	number	of	nodules	in	each	of	the	collected	knapping	floor	sites	is	2.28,	suggesting	a	total	of	about	1000	(959)	flakes	are	missing	from	all	the	gibber	plain	knapping	floor	sites.	One	potential	problem	with	 this	 figure	 is	 that	knapping	 floors	 that	had	 fewer	missing	artefacts	are	more	likely	to	have	been	more	easily	refitted,	biasing	the	results	to	under-estimate	the	total	number	of	flakes	removed	from	the	gibber	plain	sites.	If	2/3rds	of	all	 knapping	 floor	 artefacts	 were	 missing	 however	 this	 is	 still	 only	 about	 25,000	 total	artefacts	 taken	 from	 the	 gibber,	 which	 is	 a	 tiny	 fraction	 of	 the	 quartzite	 artefacts	 on	ODX_15546.		It	is	important	to	note	that	gibber	plain	knapping	floor	sampling	strategy	specifically	chose	sites	which	had	cores,	to	increase	the	chance	of	successful	refitting.	Subsequently	and	long	after	the	selected	sites	were	collected	it	was	realised	there	was	a	potential	source	of	bias	in	the	 results,	 as	 the	HEHODAP	survey	database	which	had	provided	 the	 starting	point	 for	flagging	knapping	floors	worthy	for	potential	collection	did	not	record	systematically	the	number	of	cores	present.	To	investigate	the	level	of	this	bias,	and	to	collect	better	data	for	estimating	approximate	artefact	numbers,	a	random	sample	survey	was	undertaken	of	54	knapping	floors	which	had	not	been	collected	and	which	remained	in	the	study	area	gibber	plain,	to	record	core	presence/absence	(Figure	136).	The	finding	from	this	survey	was	that	46%	of	 sites	 had	 a	 core	whereas	 56%	did	 not.	 That	 figure	would	 be	 somewhat	 skewed	towards	sites	without	cores	from	the	previous	collection	of	46	knapping	floors	that	all	had	cores	but	 it	does	show	a	substantial	percentage	of	 the	knapping	 floors	are	missing	 their	cores.	Using	the	conservative	figure	of	56%	of	knapping	sites	and	apply	the	same	average	number	of	nodules	worked	at	these	sites	found	to	occur	at	those	sites	with	cores	left	behind,	this	provides	a	rough	estimate	of	237	missing	cores.	This	cannot	be	considered	an	accurate	estimate	as	there	could	have	been	additional	cores	that	are	now	missing	from	knapping	sites	with	some	cores	remaining.	It	is	clear	however	that	this	estimated	figure	is	vastly	less	than	the	23,623	quartzite	cores	estimated	to	be	at	ODX_15546.	In	addition,	none	of	these	relative	estimations	take	into	account	the	fact	there	are	several	other	smaller	dune	sites	in	the	study	
	255	
area	also	with	quartzite	artefacts.	It	is	feasible	however	that	the	gibber	plain	knapping	floors	could	be	the	dominant	source	of	quartzite	artefacts	for	ODX_15546.	If	the	missing	flakes	and	cores	from	the	gibber	plain	knapping	floors	were	transported	to	ODX_15546,	where	they	became	part	of	the	dune	site	assemblage,	their	relatively	small	number	would	have	had	very	little	 influence	 on	 the	 overall	 dune	 site	 assemblage	 characteristics	 recorded.	 Although	 a	connection	 between	 the	 gibber	 plain	 knapping	 floors	 and	 the	 dune	 sites	 cannot	 be	demonstrated,	nor	therefore	can	it	be	ruled	out	as	a	minor	part	of	the	overall	technological	organisation.			
	Figure	136:	Random	survey	of	knapping	floor	sites	for	presence/absence	of	cores	
	
Knapping	Floor	Site	Location	Analysis	
	The	distribution	of	 gibber	plain	knapping	 floor	 sites	within	 the	 landscape	 is	 analysed	 to	identify	the	factors	influencing	site	location.	In	particular	this	analysis	focuses	on	assessing	differences	 in	 the	 attributes	 or	 contexts	 of	 knapping	 sites	 located	 at	 the	 most	 remote	settings	within	the	gibber	plain	when	compared	with	those	close	to	sand	dunes	and	sand	dune	sites.	These	attributes	are:			
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1. The	availability	and	size	of	gibber	plain	nodules	2. The	distance	of	knapping	floor	sites	to	sand	dune	and/or	major	sand	dune	sites.	3. Technological	differences	in	knapping	floors	close	to	or	far	from	sand	dune	sites.		This	is	undertaken	to	test	the	embedded	procurement	model	which	hypothesises	that	more	distant	knapping	floor	locations	so	the	sand	dunes,	would	have	no	raw	material	differences	and	 provide	 no	 greater	 benefit	 to	 knappers	 than	 sites	 closer	 by	 (see	 Chapter	 4).	Technological	differences	in	the	knapping	floor	assemblages	are	also	compared	to	assess	whether	increased	distance	from	dunes	may	have	also	changed	the	way	stone	was	knapped	or	influenced	the	number	of	artefacts	that	were	missing.			The	results	of	a	directional	distribution	analysis	of	the	knapping	floor	sites	are	then	outlined	and	compared	to	the	location	of	key	landmarks.	This	provides	insights	about	the	underlying	procurement	behaviours	that	created	the	knapping	floor	sites	and	the	movement	of	people	in	the	past	through	the	landscape.			
Raw	Material	 Availability	 and	 Spatial	 Distribution	 of	 Quartzite	 Gibber	 Plain	
Clasts		The	gibber	clasts	within	the	study	area	represent	the	locally	available	stone	source.	Chapter	4	outlined	the	methods	used	to	conduct	a	survey	of	the	gibber	plain	surficial	geology	which	is	the	basis	of	this	analysis.	This	was	carried	out	to	see	if	there	was	any	spatial	variability	in	the	size	of	gibber	clasts	available	which	might	have	influenced	the	selection	of	site	locations.	In	Figure	137	the	distribution	of	gibber	clasts	by	size	 is	mapped.	These	results	 take	 into	account	 the	 range	 of	 gibber	 nodule	 sizes	 known	 to	 have	 been	 used	 for	 knapping,	 as	demonstrated	 by	 refitting	 described	 in	 Chapter	 6.	 These	 data	 informed	 the	 four	classification	levels	of	the	clast-size	distribution	raster.	Class	1	is	areas	of	the	gibber	with	raw	material	less	than	76mm.	This	is	below	the	size	of	the	smallest	refitted	knapping	floor	nodule.	 Class	 2	 (76mm-131.9mm)	 comprises	 areas	 that	 have	 raw	 material	 over	 the	minimum	 size	 and	 up	 to	 the	 mean	 nodule	 size	 knapped	 among	 the	 refitted	 nodules	(132mm).	Class	3	is	from	the	mean	knapped	nodule	size	to	boulder	size	(300mm).	Class	4	includes	all	areas	with	raw	material	available	above	boulder	size.	These	areas	are	mapped	along	with	the	locations	of	all	the	knapping	floors	recorded	in	the	area.		It	is	clear	visually	from	this	map	that	there	is	widespread	availability	in	the	gibber	plain	of	quartzite	 nodules	 of	 a	 size	 preferred	 for	 knapping.	 There	 are	 only	 a	 few	 small	 areas,	predominately	in	the	western	portion	of	the	study	area,	where	raw	material	is	smaller	than	the	minimum	 preferred	 size	 and	 these	 pockets	 are	 so	 small	 (mainly	 single	 survey	 data	points)	that	suitable	material	is	available	within	50m.	It	would	not	have	been	necessary	for	
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knappers	to	travel	any	particular	distance	into	the	gibber	plain	away	from	dune	habitation	sites	to	access	gibber	clasts	of	sufficient	size	to	knap.			This	 pattern	 was	 also	 analysed	 statistically	 using	 data	 obtained	 during	 knapping	 floor	collection	on	the	size	of	gibber	clasts	within	the	vicinity	of	the	knapping	floor.	The	mean	maximum	 dimension	 of	 the	 gibber	 quartzite	 clasts	 across	 the	 study	 area	(mean=256.462mm	 SD=	 97.149,	 N=390)	 was	 compared	 with	 the	 mean	 maximum	dimension	 of	 unworked	 nodules	 within	 a	 metre	 of	 the	 knapping	 floor	 locations	(mean=269.411mm	 SD=-71.209,	 N=296).	 No	 significant	 difference	 was	 found	 between	these	two	data	sets	(T	test	 t=1.485,	df=684,	p=0.138).	Overall	 this	statistical	comparison	and	 the	 mapping	 indicate	 that	 the	 size	 of	 the	 available	 quartzite	 nodules	 was	 not	 a	significant	determining	factor	in	the	selection	of	knapping	floor	locations.		
	Figure	137:	Map	of	knapping	floors	in	the	quartzite	gibber	study	area	with	maximum	length	of	available	quartzite	clasts	in	the	gibber			
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Gibber	Plain	Knapping	Floor	Distance	to	Sand	Dunes	and	Large	Sand	Dune	Sites	The	location	of	knapping	floor	sites	was	then	analysed	to	see	if	there	was	a	tendency	for	sites	to	be	located	near	sand	dunes	generally	and/or	major	sand	dune	sites.	This	analysis	compares	a	random	sample	which	represents	the	background	data	and	takes	into	account	the	uneven	shape	of	the	gibber	plain,	with	knapping	floor	site	locations.	The	initial	recording	of	 this	random	sample	using	a	transect	surveys	of	 the	gibber	plain	have	been	previously	described	 Chapter	 4	 (p	 86).	 First	 the	 knapping	 floor	 sites	 (mean=278.12m	 SD=183.014,	N=330)	were	compared	to	the	random	sample	(mean=262.436m,	SD=152.71,	N=407)	for	distance	to	the	nearest	sand	dune.	There	was	no	statistical	difference	in	these	two	samples	(T	Test	t=1.245,	df=640.02,	p=0.213),	demonstrating	that	sand	dune	distance	was	not	an	influencing	factor	on	knapping	floor	site	location.		The	same	analysis	was	then	carried	out	to	analyse	the	distance	of	knapping	floor	sites	from	the	largest	sand	dune	sites	in	the	study	area.	The	six	largest	dune	sites,	measured	by	the	estimated	number	of	artefacts	from	the	HEHODAP	survey	were	used	(Figure	138).	Each	of	these	sites	had	well	over	5000	estimated	surface	artefacts	so	were	centres	of	past	activity	in	 the	 area.	 The	 comparison	 of	 the	 distance	 of	 the	 knapping	 floor	 sites	 from	 these	 sites	(using	the	distance	to	the	nearest	large	dune	site)	(mean=699.213m,	SD=488.000,	N=330)	was	compared	with	distance	of	the	background	data	(mean=806.132m,	SD=559.45,	N=407)	and	that	did	show	a	statistically	significant	difference	(T	test	t=2.730,	df=735,	p=0.006).	This	indicates	the	knapping	floor	sites	were	more	likely	to	be	closer	to	one	of	the	six	largest	sand	dune	sites	than	would	be	expected	with	a	random	sample.			To	explore	this	further,	a	density	map	of	knapping	floor	sites	was	created	(Figure	138).	This	shows	there	are	 two	key	areas	with	 the	highest	site	density.	One	 is	 located	 just	south	of	ODX_15546	which	is	the	largest	dune	site	 in	the	area.	That	area	is	also	near	other	 larger	sand	dune	sites	as	can	be	seen	on	the	map	and	the	highest	density	of	knapping	floors	in	the	study	area	 is	at	 this	 location.	There	 is	another	area	of	high	knapping	floor	density	 in	the	centre	of	the	gibber	plain,	far	from	dune	sites	and	sand	dunes.	Visually	it	appears	that	there	are	a	greater	number	of	knapping	floor	sites	near	the	largest	sand	dune	sites,	but	there	is	also	a	substantial	number	of	knapping	floors	that	are	not	near	sand	dune	sites.	Sand	dune	site	proximity	cannot	explain	entirely	knapping	floor	distribution	so	further	analysis	was	conducted	comparing	knapping	sites	close	to	and	further	away	from	the	major	sand	dunes.		
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	Figure	138:	Density	map	of	knapping	floor	sites	in	the	gibber	plain	with	largest	dune	sites	as	measured	by	estimated	total	number	of	artefacts	shown.				
Knapping	Floor	Location	and	Assemblage	Characteristics	The	previous	analysis	identified	a	tendency	for	knapping	floor	sites	to	be	located	near	the	largest	sand	dune	site	in	the	north	of	the	study	area	but	there	were	also	several	knapping	floors	in	the	centre	of	the	gibber	plain	far	from	sand	dunes	sites.	This	analysis	compares	the	assemblage	characteristics	of	knapping	floor	sites	located	close	to	the	major	sand	dune	sites	with	those	from	sites	further	away.	This	analysis	relates	to	potential	benefits	that	travelling	further	 into	 the	 gibber	 plain	 may	 offer,	 as	 well	 as	 investigating	 whether	 knapping	behaviours	 differed	when	 knapping	was	 conducted	 closer	 to	 or	 further	 from	 sand	dune	sites.	Separating	these	two	factors	may	not	be	possible	with	this	simple	analysis,	however	before	this	explored	further,	the	objective	of	this	comparison	is	to	check	for	any	difference	that	warrants	explanation.			Two	groups	of	knapping	floor	sites	are	analysed	(Figure	139).	Since	this	comparison	is	of	detailed	 technological	 characteristics	 of	 the	 knapping	 floor	 assemblages	 only	 knapping	
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floor	sites	collected	and	analysed	(see	Chapter	6)	can	be	compared.	Group	1	 is	knapping	floors	 that	were	more	 than	600m	 from	of	one	of	 the	 six	 largest	 sand	dune	sites	 (N=17).	Group	2	are	knapping	sites	that	are	located	within	300m	of	the	six	largest	dune	sites	(N=6).	Knapping	sites	which	were	between	300	and	600m	from	a	dune	site	are	excluded	from	this	analysis.	Grouping	knapping	sites	in	this	way	mirrored	the	density	clustering	apparent	in	Figure	138	and	allowed	for	the	comparison	of	extreme	difference	in	site	location.					
	Figure	139:	The	analysed	sample	of	distant	and	close	knapping	floor	sites	to	major	dune	sites		Assemblage	 attributes	 were	 compared	 between	 these	 two	 knapping	 floor	 groups	 using	ANOVA	(Table	67).	This	included	the	number	of	artefacts,	estimated	nodule	size	and	flake	weight.	 Welch’s	 F	 is	 used	 for	 attributes	 where	 indicated	 when	 the	 assumption	 of	homogeneity	 of	 variances	 was	 not	 met.	 It	 was	 not	 possible	 to	 analyse	 more	 detailed	attributes	that	relate	to	reduction	such	as	cortex	cover	as	there	was	not	a	sufficient	sample	size	of	 sites	 in	Group	2	 that	was	measured	 to	 this	 level	of	detail.	The	attributes	 that	are	compared	are	a	reflection	of	such	factors	as	the	size	of	the	nodule	used	and	artefact	sizes,	which	might	 indicate	a	difference	 in	 the	 selection	of	 the	 raw	material	 that	had	not	been	found	in	the	previous	analysis	of	the	gibber	clast	distribution.		
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For	all	of	the	attributes	compared,	there	was	no	statistical	difference	between	the	Group	1	and	Group	2	knapping	floor	site	assemblages.	This	suggests	that	there	is	no	indication	of	a	difference	 in	 the	 knapping	 activities	 conducted	 at	 locations	 far	 from	 dune	 sites	 when	compared	with	those	closer	to	the	dune	sites.	Since	there	is	no	difference	in	the	estimated	nodule	weight	or	flake	size	between	distant	and	close	knapping	floors	(to	dune	sites),	this	supports	the	previous	analysis	that	found	no	benefit	offered	by	distant	locations	in	the	form	of	 larger	 raw	 material.	 Overall	 these	 results	 are	 interpreted	 as	 evidence	 that	 a	costs/benefits	model	does	not	 fit	 the	spatial	distribution	of	knapping	floor	sites	and	that	this	may	be	evidence	therefore	of	embedded	procurement	behaviour.			 Table	67:	Results	of	ANOVA	comparison	of	near	versus	distant	knapping	floor	sites	from	the	major	sand	dune	sites	
Attribute	 F	 df	 p	
Minimum	Number	of	
Flakes	
(Welch)	0.773	 705.247,	24625.304	 0.387	
Number	of	Cores	 (Welch)	1.072	 2.069,	52.128	 0.310	
Mean	Complete	Flake	
Weight	(g)	
(Welch)	0.030	 2466.808,	2752.051	 0.863	
Number	Associated	
(Non	Quartzite)	
Artefacts	
(Welch)	0.104	 0.240,	62.312	 0.75	
Percentage	Whole	
Flakes	
(Welch)	0.011	 1.122,	2752.051	 0.917	
Estimated	Mean	
Nodule	Weight	
(Welch)	2.149	 21176106.6,	
265999464	
0.154	
Flake/Core	Ratio	 0.002	 1,	17	 0.969			
	
Analysis	of	Directionality	of	Knapping	Floor	Distribution	The	following	analysis	looks	for	linear	directionality	in	the	distribution	of	the	knapping	floor	sites	in	the	gibber	plain.	The	results	of	the	previous	analysis	have	shown	that	there	were	no	benefits	offered	to	knappers	at	locations	in	the	gibber	plain	far	from	dune	habitation	sites	and	at	least	those	knapping	floor	sites	far	from	the	dune	sites	were	created	as	part	of	an	embedded	 procurement	 strategy.	 This	 would	 have	 involved	 knappers	 taking	 the	opportunity	to	collect	materials	and	artefacts	while	engaged	in	other	subsistence	practices	or	as	a	component	of	broader	activities.	Analysing	the	spatial	distribution	of	knapping	floor	sites	and	looking	for	linear	directionality	may	reveal	evidence	of	the	underlying	subsistence	behaviours	and	the	movement	of	people	along	frequented	pathways	through	the	gibber.			
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Knapping	sites	were	divided	into	those	in	the	eastern	and	western	portions	of	the	gibber	plain	and	analysed	separately.	This	is	because	there	was	a	clear	corridor	of	knapping	sites	in	the	western	portion	of	the	gibber	plain	running	between	the	linear	sand	dunes.			The	results	of	this	analysis	reveal	that	there	was	a	clear	alignment	(directionality)	to	both	sets	of	knapping	floor	sites.	The	western	knapping	sites	as	expected,	are	aligned	running	SW	to	NE.	This	is	not	surprising	since	the	pattern	is	clearly	created	by	the	narrowness	and	shape	of	the	gibber	plain	in	that	area.			
	Figure	140:	Directional	distributions	of	knapping	floor	sites.		Of	greater	interest	is	the	directionality	of	the	knapping	sites	in	the	eastern	portion	of	the	study	area	which	does	not	 conform	 to	a	natural	 shape	of	 the	gibber	plain.	The	standard	deviational	ellipse	of	these	eastern	sites	has	a	directionality	running	roughly	NNW-SSE.	Of	significance	 is	 the	 fact	 that	 this	 linearity	appears	to	align	with	the	 locations	of	 the	major	dune	sites	on	either	side	of	the	gibber	plain.	The	northern	axis	of	the	ellipse	is	where	most	of	the	large	sites	are	situated	and	the	southern	axis	of	the	ellipse	is	close	to	site	ODX_04878	(Figure	140).			
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This	 is	 interpreted	as	evidence	of	repeated,	 long-term	travel	by	people	across	the	gibber	plain	between	the	large	dune	sites.	Supporting	this	interpretation	is	the	fact	that	this	is	the	close	 to	 the	 most	 direct	 route	 possible	 between	 these	 two	 major	 dune	 site	 areas	 and	indicates	knowledge	by	the	past	inhabitants	of	the	landscape	of	the	major	dune	sites	in	the	area.	This	is	particularly	the	case	since	the	sites	either	side	of	the	gibber	were	unlikely	to	be	visible	from	each	other	due	to	their	distance	(1.6km	away)	and	because	ODX_04878	was	on	the	southern	flank	of	the	sand	dune	(Figure	140)	obscured	by	the	dune	crest.		The	creation	of	at	least	the	knapping	floors	far	from	the	dune	site	probably	occurred	‘on	the	way’	while	travelling	through	the	gibber	and	explains	the	otherwise	lack	of	apparent	benefit	provided	to	knappers	by	the	material	 in	the	centre	of	 the	gibber.	People	would	have	not	incurred	 any	 extra	 travel	 ‘costs’	 if	 knapping	 occurred	 as	 part	 of	 an	 embedded	 practice	during	this	travel	for	other,	broader	purposes.			This	evidence	connects	the	gibber	plain	knapping	floors	to	the	sand	dune	sites.	It	does	not	necessarily	mean	gibber	plain	knapping	floors	were	used	to	create	artefacts	to	transport	to	the	dune	sites	(although	this	may	be	the	case)	but	links	the	people	involved	in	the	use	of	the	sand	dune	sites	with	the	creation	of	the	knapping	floors.	This	is	therefore	also	a	temporal	association.	If	the	same	people	are	using	and	creating	the	sand	dune	sites	and	the	gibber	knapping	floors	this	means	the	time	periods	involved	would	be	similar.	The	only	sites	in	the	area	dated	by	the	HEHODAP	were	ODX_15546	and	ODX_04878.	For	the	latter	site,	a	single	OSL	date	indicates	occupation	occurred	after	about	7ka,	but	ODX_15546	was	demonstrated	to	 	 have	 has	 periodic	 occupation	 spaning	 14,000	 years	 (Sullivan	 and	 Hughes	 2014).	Therefore,	the	gibber	plain	knapping	floors	were	therefore	likely	created	within	the	same	broad	time	span.		
Conclusions		This	chapter	has	used	both	the	sand	dune	assemblages	and	gibber	plain	knapping	floor	sites	to	analyse	quartzite	use	at	the	landscape	and	long-term	scales.	The	following	summarises	the	comparison	of	the	dune	and	gibber	knapping	floor	assemblages	and	presents	an	artefact	lifecycle	interpretation	of	these	results.	The	assemblage	comparison	found	the	following:			 1. Dune	site	quartzite	flakes	were	significantly	smaller	than	those	found	at	the	gibber	plain	knapping	floors.		
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2. Dune	site	quartzite	cores	were	also	smaller	on	average	than	gibber	plain	quartzite	cores	 however	 they	 had	 similar	 proportions	 of	 overall	 cortex	 cover	 indicating	 a	similar	degree	of	reduction	(%	of	volume	loss	relative	to	original	nodule	size).	3. Flake	dorsal	cortex	cover	was	 less	and	dorsal	scar	numbers	greater	 for	dune	site	flakes	when	compared	to	gibber	plain	knapping	floor	flakes.	This	is	indicative	of	a	greater	degree	of	reduction	of	the	dune	site	flakes.		4. Hammerstones	in	the	gibber	plain	were	significantly	larger	than	those	at	the	dune	site.	5. Retouching	 of	 quartzite	 flakes	was	 3%	 on	 the	 dune	 site	 compared	 to	 1%	 in	 the	gibber	plain.	Dune	site	retouched	artefacts	were	significantly	smaller	than	gibber	plain	retouched	artefacts.	6. The	cortex	area	ratio	demonstrated	that	there	was	less	cortex	area	within	both	the	dune	 site	 and	 gibber	 plain	 assemblages	 that	 would	 be	 expected	 for	 a	 complete	nodule	assemblage	based	on	the	number	of	cores	present.	 				7. For	quartzite	artefacts	there	was	no	significant	difference	in	the	flake	to	core	ratios	on	the	dune	site	when	compared	to	the	gibber	plain	knapping	floors.	8. Dune	site	manuports	are	significantly	smaller	on	average	than	refitted	gibber	plain	knapping	floor	nodules	and	gibber	plain	clasts.	9. There	were	far	more	quartzite	artefacts	on	the	sand	dune	site	than	can	be	accounted	for	by	those	produced	within	the	knapping	floors	identified	in	the	study	area	gibber	plain.		 		Overall	 these	 results	 suggest	 that	 the	 knapping	 floors	 are	 unlikely	 to	 have	 contributed	many,	 	 if	 any,	 artefacts	 to	 ODX_15546	 and	 that	 in	 situ	 knapping	 on	 the	 dune	 was	 the	dominant	 procurement	 strategy.	 The	 smaller	 cores	 (which	would	 almost	 certainly	 have	contributed	to	the	smaller	flakes	on	the	dune	site)	with	similar	levels	of	reduction	to	the	dune	site,	indicate	far	smaller	nodules	were	the	source	of	these	cores.	It	is	clear	that	where	transport	of	raw	material	to	the	dune	site	occurred,	past	people	gave	preference	to	smaller	pieces	of	stone	which	would	have	reduced	transportation	costs.	This	is	also	reflected	in	the	smaller	manuports	on	 the	dune	 in	comparison	 to	size	of	 the	gibber	plain	knapping	 floor	nodules	 and	 the	 fact	 that	 the	 huge	 number	 of	 quartzite	 artefacts	 on	 the	 dune	 site	 far	outstrips	 the	 number	 that	 could	 be	 reasonably	 produced	 in	 the	 study	 area	 gibber	 plain	knapping	floors.	This	supports	the	hypothetical	scenario	of	in	situ	dune	site	knapping.			In	 addition,	 the	 retouched	 artefacts	 on	 the	dune	 site	 appear	 to	be	 the	product	 of	 in	 situ	knapping	 as	 they	were	much	 smaller	 than	 gibber	 plain	 knapping	 floor	 artefacts.	 This	 is	
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consistent	with	the	overall	model	of	knapping	smaller	cores	on	the	dune,	which	would	have	produced	smaller	flakes	to	retouch.			The	patterns	observed	in	the	dune	site	assemblage	cannot	be	explained	entirely	by	the	sole	transport	 of	 whole	 gibber	 nodules	 and	 complete	 in	 situ	 knapping.	 There	 are	 multiple	indicators	 that	 the	 dune	 site	 assemblage	 does	 not	 reflect	 a	 complete	 record	 of	 nodule	reduction.	 This	 is	 flagged	 by	 the	 higher	 rate	 of	 reduction	 interpreted	 from	 the	 flake	assemblages	 (more	dorsal	 scars	and	 less	 cortex)	 than	would	be	expected	given	 the	 core	characteristics	on	the	dune	site.	The	MNF/core	ratio	was	not	high	enough	on	the	dune	site	to	account	for	the	extra	flakes	that	would	have	been	produced	from	knapping	and	the	cortex	area	analysis	provides	additional	evidence	of	a	‘missing’	part	of	the	assemblage	given	what	would	be	the	case	for	in	situ	complete	nodule	reduction.			An	explanation	that	could	account	for	all	of	the	dune	site	assemblage	characteristics	is	that	at	least	for	some	of	the	time,	rather	than	transport	a	complete	gibber	nodule	to	the	site,	a	partially	reduced	nodule	(ie	core)	was	transported.	This	would	skew	the	flake	assemblage	characteristics	towards	those	indicative	of	more	or	later-stage	reduction,	even	where	cores	are	reduced	to	the	same	extent	as	those	in	the	gibber	plain	knapping	floors.	The	transport	of	cores	would	also	balance	the	additional	flakes	produced	from	retouching	and	account	for	the	MNF/core	 ratios	 observed.	 Such	 a	 hypothesis	 is	 consistent	with	 the	 evidence	 of	 the	cortex	area	analysis.	Such	partially	reduced	nodules	(technically	cores)	could	be	simply	the	result	of	 raw	material	 testing	 in	 the	gibber	plain	 removing	only	a	 few	 flakes	which	may	appear	as	a	‘background	scatter’	of	artefacts,	not	meeting	the	necessary	number	of	artefacts	for	recording	as	a	site.	This	is	explored	further	in	the	discussion	in	Chapter	10.			This	 analysis	 has	 not	 found	 any	 definitive	 evidence	 that	 gibber	 plain	 knapping	 floor	artefacts	were	transported	to	the	sand	dune	sites.	Certainly,	knapping	gibber	nodules	do	not	appear	to	be	the	dominant	strategy	for	obtaining	quartzite	artefacts	for	the	dune	site	although	this	does	not	preclude	them	from	playing	a	minor	role	as	a	source,	and	this	might	have	been	the	case	over	the	long	history	of	use	of	the	dune	site.			That	was	explored	further	with	an	analysis	of	the	spatial	distribution	of	the	knapping	floor	sites.	It	was	shown	that	these	were	significantly	more	likely	to	be	located	near	one	of	the	six	largest	sand	dune	sites	and	that	there	was	a	clear	directional	distribution	of	sites	trending	across	 the	 gibber	 plain	 between	 areas	 with	 the	 largest	 sand	 dune	 sites.	 The	 spatial	distribution	evidence	suggests	that	the	sand	dune	sites	and	gibber	plain	knapping	floors	are	linked.	 However,	 this	 is	 a	 link	 of	 the	 people	 who	 used	 the	 dune	 site	 and	 gibber	 plain	
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knapping	floor	sites	and	does	not	require	the	transport	of	artefacts	to	form	this	pattern.	This	does	however	support	the	methodology	used	to	test	the	procurement	mode	of	the	knapping	floor	sites	outlined	in	Chapter	4.			The	results	of	this	analysis	also	have	implications	for	the	understanding	of	the	gibber	plain	knapping	 floor	 sites	and	 their	 function	within	 the	wider	organisation	of	 technology.	The	spatial	 analysis	 of	 the	 knapping	 floor	 sites	 provided	 clear	 evidence	 of	 embedded	procurement	as	there	were	no	technological	or	raw	material	differences	with	distance	from	habitation	 areas	 (sand	 dunes).	 Additionally,	 the	 linear	 trend	 of	 knapping	 floor	 sites	stretching	across	the	gibber	plain	between	major	centres	of	sand	dune	occupation,	show	that	opportunistic	embedded	procurement	likely	took	place	during	cross-gibber	trips	along	a	frequently	used	pathway	between	major	dune	site	areas.	This	is	an	exciting	finding	as	it	highlights	the	people	behind	the	sites	and	artefacts	and	the	way	that	they	used	the	study	area	landscape.		This	does	not	however	identify	the	main	function	of	the	gibber	plain	knapping	floor	sites.	Since	servicing	the	needs	of	artefacts	on	the	sand	dunes	could	not	be	demonstrated	from	the	 comparative	 analysis,	 knapping	 floor	 function	 remains	 undefined	 and	 there	 are	 two	main	 theories	which	could	explain	 the	overall	patterning	observed.	Firstly,	 the	knapping	floor	 sites	 may	 represent	 the	 production	 of	 artefacts	 for	 needs	 which	 arose	 within	 the	gibber	plain	context.	 Since	 there	were	no	sites	without	missing	artefacts,	 it	 is	 likely	 that	these	 tasks	were	 completed	 at	 least	 several	metres	 away	 from	 the	 knapping	 site.	 These	artefacts	may	then	have	been	discarded,	creating	a	general	background	scatter	at	a	density	below	the	minimum	threshold	for	designation	as	a	site	within	the	HEHOPAP.	The	second	option	is	that	flakes	were	transported	to	the	sand	dune	sites	but	that	these	were	at	such	a	low	number	in	comparison	to	those	artefacts	produced	by	in	situ	knapping	on	the	sand	dune	that	they	did	not	have	a	visible	influence	on	the	sand	dune	artefact	characteristics.	These	results	and	interpretations	are	now	incorporated	with	the	results	of	the	previous	chapters	in	the	overall	thesis	interpretation	in	Chapter	10.			 	
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10	|	Interpretation,	Conclusions	and	
Future	Directions	
	This	project	examined	quartzite	knapping	floors	and	sand	dune	site	assemblages	in	a	gibber	plain	landscape	in	the	north-east	of	the	Roxby	dunefield.	The	analysis	focused	on	two	key	research	 aims.	 The	 first	 was	 to	 characterise	 the	 organisation	 of	 stone	 technology	 and	understand	the	influencing	roles	of	landscape,	raw	material,	shared	culture	and	individual	agency.	The	 second	aim	was	 to	 explore	 the	 research	potential	 of	 knapping	 floor	 sites	 to	provide	information	about	individual	knapping	events	and	knappers.	It	was	hypothesised	that	these	aims	would	provide	a	better	understanding	of	human	activity	in	the	wider	region	while	also	developing	appropriate	methodologies	for	arid	zone,	open	area	archaeology	in	(and	outside)	Australia.			In	 this	chapter	 these	aims	are	reviewed	on	the	basis	of	 the	significant	 findings	 from	this	research,	 and	 conclusions	 are	drawn	 through	 integrating	 the	multiple	modes	of	 enquiry	used.	The	future	potential	for	an	open	site	archaeology	which	incorporates	high-resolution	data	is	explored.	Directions	for	further	study	in	the	Roxby	dunefield	and	more	broadly	for	knapping	floor	research	is	suggested.			
Summary	of	Sites,	Assemblages	and	Basic	Results	
	The	following	is	a	basic	summary	of	site	formation	processes	and	results	from	technological	analyses	of	artefact	assemblages	in	the	study	area.	This	research	included	the	analysis	of	46	knapping	floor	sites	and	nine	sand	dune	sites	within	the	9km2	study	area.	HEHODAP	survey	data	provided	additional	information	which	was	used	primarily	for	site	location	analysis.		
Site	Formation	Analysis	of	Gibber	Plain	Knapping	Floor	Sites	The	 taphonomic	 experiments,	 archaeological	 excavation	 of	 knapping	 floor	 sites	 and	geomorphic	observations	of	the	study	area	gibber	plain	identified	the	following	patterns:		 1. Archaeological	 site	 stability	was	best	preserved	 in	 environments	 that	were	a	significant	distance	from	active	gilgai	and	had	a	high	gibber	clast	density	of	50%	or	greater.	Softer	sediments	(in	contrast	to	bare	hard	pan)	and	larger	artefacts	were	 major	 factors	 in	 minimising	 artefact	 movement.	 Artefacts	 >20g	 were	
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stable	in	almost	all	gibber	contexts	except	those	located	immediately	adjacent	to	gilgai.			2. The	smallest	artefact	fraction,	including	microdebitage	was	impacted	by	wind	and	wash	erosion.	This	 largely	removed	 these	artefacts	 from	sites	with	some	displaced	 artefacts	 becoming	 incorporated	 into	 the	 subsurface	 sediments	through	cracks	in	the	swelling	clayey	sediments.			3. Gilgai	in	the	study	area	were	the	round	‘crabhole’	form	(Mabbutt	1977),	due	to	the	very	low	slope	of	the	gibber	surface.	These	depressions	and	stony	surrounds	are	 expected	 to	 have	 been	 stable	 in	 their	 location	 throughout	 archaeological	time.	There	was	no	evidence	of	 taphonomic	 impact	 to	sites	 that	were	distant	from	gilgai	whereas	sites	that	were	beside	active	gilgai	were	greatly	disturbed			 4. From	this	analysis,	it	was	determined	that	there	were	many	knapping	floor	sites	that	were	in	stable	settings.	While	the	smallest	fraction	of	artefacts	was	likely	to	have	been	impacted	by	erosion,	the	remaining	artefacts	were	largely	reflective	of	the	original	knapping	events.		5. The	potential	 for	overprinting	of	events	at	knapping	sites	was	analysed	using	cluster	 analysis	 and	 experimental	 knapping	models.	 Over	 60%	 of	 the	 piece-plotted	knapping	 floor	 sites/features	 in	 the	 study	 area	were	 found	 to	have	 a	similar	 level	 of	 clustering	 to	 the	 experimental	 sites	 (a	mean	 radius	 ≤0.61m).	Each	 of	 these	 sites	 therefore	 was	 interpreted	 to	 be	 the	 outcome	 of	 a	 single	knapping	 event.	 This	 included	 sites	 that	 had	more	 than	 one	 knapped	nodule	within	 the	 clustered	 feature	 which	 are	 interpreted	 to	 be	 examples	 of	 the	repeated	work	of	a	single	knapper	during	the	same	event.			
	
Stone	Artefact	Technology		
Sand	Dune	Site	Assemblages	A	technological	analysis	of	the	sand	dune	sites	in	Chapter	7	found	the	following	patterns	which	provide	insights	to	contribute	to	the	discussion	around	organisation	of	technology:			1. Silcrete	was	the	most	 frequent	artefact	raw	material	on	sand	dunes,	 followed	by	quartzite,	and	smaller	quantities	of	chert	and	other	materials.	Artefacts	made	of	the	local	 quartzite	 were	 significantly	 different	 from	 artefacts	 made	 from	 non-local	materials	 (chert	 and	 silcrete).	Quartzite	was	 favoured	 for	hammerstones,	 anvils,	grindstones	 and	 hearthstones.	 There	was	 a	much	 higher	 rate	 of	 retouch	 among	
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silcrete	and	chert	artefacts	 including	 the	use	of	 these	 fine-textured	materials	 for	backed	artefacts.			2. Quartzite	 flakes	were	much	 larger	 than	 those	 on	 other	 raw	materials.	 Quartzite	flakes	and	cores	also	showed	a	much	lower	rate	of	flake	and	core	reduction	than	silcrete	or	chert.	This	suggests	the	exotic	materials	(silcrete	and	chert)	were	used	more	conservatively	than	the	locally	abundant	quartzite.			 	
Gibber	Plain	Knapping	Floor	Technology	The	results	of	a	refitting	and	assemblage	analysis	at	knapping	floor	sites	was	undertaken	in	Chapter	6.	This	produced	the	following	observations:		1. A	wide	range	of	nodule	sizes	was	selected	for	knapping	(~1.5kg	–	6.6kg).	Material	in	 this	 size	 range	was	widely	 available	 throughout	 the	 study	 area	 gibber	 plain.	More	 important	 than	 nodule	 size	 was	 morphology,	 with	 knappers	 preferring	block-like	 stones	 with	 at	 least	 one	 natural	 flat	 plane	 to	 assist	 initial	 stages	 of	knapping.		2. Four	 different	 knapping	 strategies	 were	 used,	 and	 these	 were	 identified	 and	defined	by	the	number	of	core	platforms	observed.			3. No	relationship	was	found	between	the	knapping	strategies	used	and	nodule	size	or	morphology.	The	different	strategies	also	did	not	produce	statistically	different	artefact	 characteristics;	 therefore,	 they	were	 not	 intentional	 efforts	 to	 produce	different	artefact	outcomes	or	‘types’.	Knapping	produced	unretouched	flakes	with	little	standardisation	which	indicates	a	non-formalised	technology.			 4. Analysis	 of	 individual	 refitted	 nodules	 also	 found	 no	 evidence	 that	 reduction	strategies	were	a	product	of	problem	solving	behaviour.	This	was	likely	related	to	the	finding	that	there	were	few	core	morphology	issues	that	arose	in	the	knapping	process	which	was	likely	due	to	the	low	degree	of	core	reduction	performed.			 5. Within	dense	site	clusters,	with	multiple	knapped	nodules,	there	were	examples	of	both	repetition	and	variability	in	knapping	strategy.			
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6. There	was	no	evidence	for	raw	material	conservation	in	the	knapping	floor	sites,	and	this	was	attributed	to	the	extreme	abundance	of	quartzite	in	the	gibber	plain.			7. There	were	artefacts	missing	from	all	knapping	floor	sites,	evident	through	cortex	area	calculations	and	analysis	of	voids	in	refitted	nodules.	These	were	interpreted	as	 artefacts	 selected	 for	 use,	 transported	 away	 from	 the	 knapping	 site.	 The	missing-artefact	characteristics	did	not	differ	from	flakes	remaining	in	the	gibber	plain	suggesting	there	was	no	standardised/	preferred	flake	type	for	subsequent	use.	 A	wide	 range	 of	 flake	 sizes	 and	 attributes	were	 selected	 and	 these	 appear	unrelated	to	the	knapping	strategies	used.	Missing	artefacts	came	from	multiple	points	throughout	the	knapping	sequence	suggesting	they	were	selected	from	the	body	of	struck	flakes	after	knapping	was	complete,	rather	than	being	the	goal	of	a	planned	process.	 There	were	 also	 cores	missing	 from	an	 estimated	56%	of	 the	knapping	floor	sites.	
		
Landscape	Scale	Analysis	of	Assemblages	and	Sites	Quartzite	 artefacts	 from	 the	 dune	 site	 ODX_15546	 and	 the	 knapping	 floor	 sites	 were	compared	 to	 look	 for	 a	 connection	 between	 different	 contexts	 and	 to	model	 sand	 dune	artefact	procurement	in	Chapter	9.	The	location	of	gibber	knapping	floors	in	relation	to	the	dune	sites	was	assessed	using	a	cost-benefits	analysis.	This	revealed	the	following	results:		 1. Sand	 dune	 site	 flakes	 and	 cores	 were	 smaller	 than	 those	 from	 the	 gibber	 plain	knapping	 floors	which	 suggests	 they	were	 produced	 from	 smaller	 nodules.	 This	supports	the	hypothesis	that	dune	assemblages	were	created	by	in	situ	knapping.			2. A	total	of	3%	of	the	quartzite	flakes	on	the	sand	dune	were	amorphously	retouched	in	comparison	with	only	1%	of	gibber	plain	knapping	floor	artefacts.	The	sand	dune	retouched	 artefacts	 were	 significantly	 smaller	 than	 both	 retouched	 and	unretouched	 knapping	 floor	 flakes.	 This	 included	 attributes	 such	 as	 striking	platform	 width	 that	 were	 not	 affected	 by	 the	 degree	 of	 flake	 reduction.	 This	 is	evidence	that	the	dune	site	retouched	flakes	were	made	in	situ	on	the	sand	dune	and	were	not	related	to	the	gibber	plain	knapping	floor	artefacts.			3. Dune	 site	 cores	were	 reduced	 to	 a	 similar	degree	 as	 gibber	plain	knapping	 floor	cores.	In	contrast,	the	dune	quartzite	flake	assemblage	was	representative	of	a	later	stage	of	reduction	than	the	knapping	floor	flakes.	If	only	complete	gibber	nodules	
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had	been	transported	to	the	dune	site,	it	would	have	been	expected	that	the	flake	and	 core	 reduction	 measures	 would	 both	 be	 equal	 to	 those	 in	 the	 gibber	 plain	knapping	floors	which	represent	a	complete	reduction	sequence.			 4. The	flake/core	ratios	on	the	sand	dune	were	also	inconsistent	with	complete	nodule	reduction	as	there	were	too	few	flakes	represented	for	the	level	of	core	reduction	observed.	 This	 is	 particularly	 the	 case	when	 the	 retouch	of	 quartzite	 artefacts	 is	considered.			 5. Quartzite	 manuports	 on	 the	 sand	 dune	 indicate	 that	 some	 gibber	 material	 was	transported	to	the	sand	dune	site	in	whole	form.			6. Site	location	analysis	of	all	the	gibber	plain	knapping	floor	sites	in	the	study	area	(from	 the	 HEHODAP	 survey)	 demonstrated	 that	 there	 were	 significantly	 more	knapping	floor	sites	located	near	the	six	largest	sand	dune	site	sites	in	the	area	than	would	be	expected	in	a	random	distribution.			 7. A	cost-benefits	analysis	was	conducted	to	compare	the	knapping	 floors	sites	 that	were	<300m	and	>600m	in	distance	from	the	six	largest	sand	dune	sites	in	the	area.	This	was	to	test	the	procurement	modes	proposed	by	Binford	(1979).	The	results	indicated	 no	 difference	 in	 the	 raw	 material	 available,	 or	 the	 characteristics	 of	knapping	 floor	 assemblages	 at	 the	 closer	 and	 more	 distant	 sites.	 This	 provides	strong	 support	 for	 an	 embedded	procurement	mode	 as	 there	was	no	benefit	 for	knappers	 to	 travel	 a	 greater	 distance	 from	 habitation	 sites.	 Stone	 procurement	would	have	occurred	while	people	were	undertaking	other	broader	economic	tasks.		 8. There	 was	 a	 directional	 trend	 to	 the	 knapping	 floor	 site	 distribution,	 with	 an	alignment	across	the	gibber	between	the	largest	sand	dune	sites.	This	is	interpreted	as	the	path	people	followed	as	they	travelled	across	the	gibber	plain	over	the	long	term	use	of	place,	and	adds	a	travel	context	for	their	embedded	stone	procurement	practice.	
	
	
Intra-site	Spatial	Analysis	of	Knapping	Floor	Sites	
	 1. Experimental	knapping	identified	distinct	spatial	patterns	associated	with	knapping	stance	and	the	dominant	hand	of	the	knapper.	These	are	summarised	Table	68		
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Table	68:	Spatial	patterns	produced	by	knapping	stance	and	knapper	handedness	
Knapping	
Stance	
Scatter	Shape	 Main	Concentration	
Area	Characteristics	
Artefact	
Sorting	
Relative	
Distance	of	
Weight	Class	
Spread	from	
Centroid	
Notes	
Forward	
Knapping,	
core	on	
ground	
	
	
	
Kneeling	produces	
smaller	denser	cluster	
than	squatting	
Widest	
spread:	1	
Narrowest	
spread:	3	
Direction	of	
artefact	spray	is	
away	from	
hammerstone	
hand	
Reverse	
knapping,	
core	on	
ground	 	
	 Widest	
spread:1	
Narrowest	
spread:2	
Skew	of	artefact	
spray	is	behind	
knapper	on	side	
of	core.	
Standing	 	
	
	
Diffuse	scatter	with	tiny	
area	of	concentration	
and	lower	percentage	
of	artefacts	in	that	
concentration	of	
around	50%	which	is	
lower	than	other	
knapping	methods	
Widest	
spread:	1	
Narrowest	
spread:3	
	
		2. Application	 of	 these	 models	 to	 the	 study	 area	 knapping	 floor	 sites	 found	 five	examples	 that	 fit	 a	 reverse	knapping	pattern	and	one	 fitting	a	 forward	knapping	stance.	 This	 interpretation	 was	 possible	 using	 the	 distributional	 size-sorting	characteristics	of	the	artefacts	in	those	sites.	The	knapping	floor	with	evidence	of	forward	knapping	had	a	much	smaller	core	than	the	other	sites	and	it	was	construed	that	nodule	size	influenced	the	choice	of	knapping	stance.	The	reverse	technique,	in	which	the	core	rests	on	the	ground,	would	have	provided	greater	knapping	control	for	 large	 nodules.	 The	 small	 core	 from	 the	 forward	 knapping	 site	would	 almost	certainly	have	been	held	in	the	knapper’s	hand.				 3. In	the	experimental	knapping	models,	the	smallest	artefacts	on	the	outer	edges	of	scatters	 was	 a	 critical	 identifying	 factor	 for	 knapper	 handedness.	 Therefore,	handedness	 could	 not	 be	 interpreted	 from	 the	 archaeological	 sites	 due	 to	 the	erosion	of	a	large	proportion	of	these	smallest	artefacts	by	natural	processes.			
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The	Organisation	of	Technology	in	the	Study	Area	
	The	primary	objective	of	this	research	is	to	understand	the	relationship	between	people	and	the	 gibber	 plain	 landscape	 and	 resources,	 through	 a	 study	 of	 the	 organisation	 of	 stone	artefact	 technology.	 By	 studying	 stone	 artefacts	 and	 interpreting	 procurement	 and	knapping	strategies,	 insights	have	been	gained	about	how	people	using	this	 landscape	in	the	 past	 (including	 individual	 knappers),	 embedded	 stone	 resources	 into	 their	 broader	subsistence	practices	and	lifeways.			In	 the	 general	 Roxby	 dunefield	 region	 there	 has	 been	 limited	 previous	 study	 of	 stone	technology.	 The	 research	 conducted	 has	 been	 limited	 to	 an	 evaluation	 of	 the	 use	 of	 a	localised	 quarry	 site	 (Sullivan	 et	 al.	 2014b),	more	 general	 descriptions	 of	 several	 other	silcrete	quarries	(Sullivan	and	Hughes	2014)	and	general	observations	about	raw	material	use	and	abundance	(Hughes	et	al.	2014a).	This	indicates	a	dominant	use	of	silcrete	in	the	overall	region,	particularly	for	the	production	of	flakes	that	were	retouched,	and	for	certain	formal	artefact	types	such	as	tulas,	backed	artefacts	and	pirri	points	(Sullivan	and	Hughes	2014).	Neither	local	quartzite	raw	material	use	or	knapping	floor	sites	have	been	the	focus	of	previous	studies	in	the	region.	This	thesis	therefore	provides	an	important	contribution	to	understanding	regional	stone	technology.			Previous	 analysis	 of	 stone	 technology	 in	 Australia	 has	 debated	 the	 role	 of	 procurement	within	the	overall	subsistence	strategies	of	Aboriginal	people.	Binford	(1979)	argued	that	all	Aboriginal	technology	was	part	of	embedded	procurement	systems,	collecting	material	and	 artefacts	 while	 undertaking	 other	 subsistence	 tasks.	 Subsequent	 to	 that	 research	however	ethnographic	examples	of	direct	procurement	(Binford	1986;	Hiscock	2004)	have	been	described.	A	cost-benefits	analysis	was	advocated	as	a	methodology	for	testing	these	models	(Binford	1986)	and		was	undertaken	in	this	study	to	examine	procurement	in	the	gibber	plain	knapping	floor	sites.			Knapping	 strategies	 and	 transport	 of	 artefacts	 from	 gibber	 plain	 resources	 have	 been	explored	 in	other	parts	of	 arid	Australia,	 suggesting	gibber	 stone	use	 for	 informal	 stone	technology	 (Doelman	2008a;	Gould	1980).	 This	 includes	 examples	 of	 expedient	 use	 and	discard	within	the	raw	material	source	(Doelman	2008a)	as	well	as	examples	of	transport	to	nearby	habitation	sites	(Douglass	et	al.	2008;	Gould	et	al.	1971).	Raw	material	quality	and	nodule	form	have	been	argued	to	be	have	been	the	primary	influencing	factors	(Doelman	2008a),	along	with	the	proximity	of	gibber	resources	to	water	sources	(Gould	1980).	None	of	these	previous	studies	has	focused	on	knapping	floors	or	used	refitting	analysis	and	thus	
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the	role	of	culture	and	individual	agency	have	not	been	considered,	an	area	where	this	thesis	research	makes	a	significant	contribution.				The	following	provides	a	model	of	the	technological	organisation	in	the	study	area	from	the	interpretation	of	the	sand	dune	and	gibber	plain	sites.	It	explores	the	influencing	factors	for	both	procurement	and	knapping	strategies	 in	these	two	settings.	This	allows	insight	 into	the	way	that	past	people	worked	within	the	opportunities	and	constraints	afforded	by	their	environment	and	how	technology	was	incorporated	into	the	broader	subsistence	practices.		
The	Value	and	Use	of	Local	Gibber	Quartzite	and	Non-Local	Materials	at	Sand	Dune	Sites	The	 value	 of	 the	 gibber	 plain	 raw	 material	 for	 people	 on	 peripheral	 sand	 dunes	 was	addressed	by	analysis	of	the	ODX_15546	artefact	assemblage	in	Chapter	8.	By	a	comparison	of	the	local	quartzite	to	non-local	materials	the	influence	of	availability	and	abundance	on	stone	technology	was	also	addressed.	The	analysis	showed	that	a	difference	in	the	use	of	raw	materials	was	likely	to	relate	to	the	physical	properties	of	the	rock	types.	By	number	there	were	more	artefacts	of	non-local	materials	(56.01%),	particularly	silcrete	(48.73%),	than	 local	quartzite	(43.99%)	materials.	This	suggests	 that	quartzite	was	not	considered	equal	or	adequate	in	quality	for	all	intended	tasks.	The	imported	silcrete	and	chert,	were	readily	available	in	other	areas	of	the	Roxby	dunefield,	a	few	hours	walking	distance	from	these	sites.	They	were	 finer	grained	than	 local	quartzite	and	as	a	stone	type	would	have	better	edge	holding	properties	and	be	preferable	for	 fine	retouched	artefacts	(Gould	and	Saggers	 1985;	 Hughes	 et	 al.	 2014a;	 Webb	 and	 Domanski	 2008).	 These	 finer	 grained	materials	were	favoured	for	tool	types	such	as	backed	artefacts,	other	types	of	retouched	artefacts	and	general	flakes.			These	non-local	raw	materials	(in	terms	of	the	gibber	plain)	showed	evidence	of	a	much	higher	level	of	reduction	than	the	local	quartzite,	in	their	size	and	artefact	attributes	which	is	evidence	of	a	higher	rate	of	raw	material	conservation.	This	difference	in	the	treatment	of	local	and	non-local	raw	materials	may	be	due	to	several	different	or	combining	factors.	The	non-local	chert	and	silcrete	may	have	been	more	highly	valued	due	to	its	higher	quality.	Additionally,	since	it	was	the	preferred	material	for	certain	formalised	artefact	forms	such	as	backed	artefacts	and	points,	the	knapping	strategy	to	create	these	technologies	may	have	required	a	greater	degree	of	reduction	than	the	local	informal	quartzite	technology.	It	was	shown	that	some	of	the	difference	in	reduction	of	the	materials	is	that	non-local	materials	were	more	highly	reduced	prior	to	transport	to	the	sand	dune.	This	pattern	mirrors	that	observed	 elsewhere	 world-wide	 and	 is	 generally	 referred	 to	 as	 a	 distance	 to	 source	reduction	 trend	 (eg.	Binford	1979;	Hiscock	2007a;	Newman	1994).	 It	 can	be	a	way	 that	
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people	 reduce	unnecessary	material	bulk	 (particularly	cortex)	prior	 to	 transport	or	may	also	be	produced	where	mobile	peoples	make	artefacts	from	carried	cores	for	expedient	use	(Binford	 1979).	 These	 scenarios	 may	 operate	 within	 embedded	 or	 direct	 procurement	strategies	and	there	is	no	means	to	distinguish	between	them	with	the	available	evidence	(Smith	2006).	It	is	for	this	reason	that	procurement	mode	of	the	sand	dune	artefacts	was	not	 a	 specific	 goal	 of	 this	 study	 (unlike	 for	 the	 knapping	 floors	 where	 a	 different	methodology	could	be	followed)	and	that	instead	observations	about	the	selection	and	use	of	different	materials	was	the	focus	as	part	of	the	overall	procurement	practices.	Should	the	individual	source	distances	of	the	exotic	cherts	and	silcretes	become	available	in	the	future	this	topic	may	be	revisited	as	these	materials	have	similar	technological	properties.			In	contrast	to	imported	materials,	the	local	gibber	quartzite	was	favoured	over	the	non-local	materials	 for	 use	 for	 hammerstones,	 grindstones	 and	 anvils.	 These	 are	 tool	 types	 that	require	 the	 coarser	 grain	 and	 softer	 qualities	 in	 the	 stone	 that	 quartzite	 satisfies.	 The	presence	of	 these	artefacts,	as	well	as	an	appreciable	number	of	quartzite	 flakes	(mostly	unretouched)	at	39%	of	the	flake	assemblage	suggests	that	availability	and	abundance	of	raw	material	did	influence	procurement.			For	the	local	quartzite	material,	too	it	is	not	possible	to	be	definitive	about	the	procurement	mode	used	to	obtain	the	nodules	(including	those	partially	reduced)	that	were	interpreted	to	be	transported	to	the	sand	dune	from	the	local	gibber.	There	was	no	definitive	evidence	found	 linking	 the	 gibber	 plain	 knapping	 floor	 sites	 and	 the	 dune	 site	 assemblages.	 The	embedded	procurement	practices	identified	to	create	the	gibber	plain	knapping	floors	may	lend	 weight	 to	 a	 similar	 strategy	 used	 to	 collect	 whole	 nodules	 (and	 partially	 reduced	nodules)	for	the	sand	dune	site.	However,	this	is	only	conjecture	as	there	is	no	reliable	way	to	test	this	hypothesis	within	current	theory.	It	also	seems	likely	that	with	quartzite	nodules	in	the	gibber	plain	at	the	foot	of	the	sand	dunes,	that	if	a	need	arose,	that	a	very	short,	yet	direct	procurement	trip	might	be	undertaken.	Thus,	procurement	of	the	local	quartzite	may	have	used	a	Varity	of	modes	to	obtain	the	necessary	material.					There	is	no	evidence	of	formalisation	of	the	local	quartzite	flaking	technology,	with	very	low	retouch	rates	at	3%.	This	is	consistent	with	the	non-standardised	technology	from	the	use	of	gibber	stone	described	in	other	parts	of	Australia	(eg.	Doelman	2008a;	Gould	1980).	One	possibility	is	that	larger	quartzite	flakes	fulfilled	a	different	function	from	the	smaller	chert	and	silcrete	artefacts	however	this	size	difference	is	likely	to	be	due	instead	to	higher	rates	of	 raw	 material	 conservation	 practiced	 with	 the	 imported	 materials,	 which	 were	 more	highly	reduced.		
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	This	 paints	 a	 picture	 of	 local	 gibber	 stone	 use	 for	 simple	 flake	 technologies	 as	 well	 as	hammerstones	 and	 grindstones	while	 higher	 quality	 raw	materials	were	 imported	 from	elsewhere	in	the	Roxby	dunefield	for	flake	tools	 including	retouched	artefact	forms.	This	pattern	is	consistent	with	previous	research	in	the	Roxby	dunefield	(Hughes	et	al.	2014a).		
Modelling	the	Movement	of	Material	and	Artefacts	Between	the	Gibber	Plain	and	Sand	Dune	
Sites		Every	stone	and	artefact	on	the	sand	dune	sites	in	the	study	area	was	a	product	of	transport	by	people,	as	no	stone	occurs	naturally	in	this	context.	Modelling	the	strategy	of	quartzite	artefact	 procurement	 on	 the	 sand	 dune	 sites	 as	 part	 of	 the	 overall	 organisation	 of	technology	 was	 undertaken	 (in	 Chapter	 9)	 using	 a	 technological	 analysis	 focused	 on	quantifying	reduction.	This	compared	the	major	dune	site	ODX_15546	quartzite	assemblage	to	 the	 gibber	 plain	 knapping	 floor	 sites.	 The	 gibber	 plain	 knapping	 floor	 assemblages	provide	 a	model	 of	 the	 complete	 reduction	 of	whole	 gibber	 stone	 nodules	which	was	 a	hypothesised	 procurement	 model	 tested	 also	 for	 the	 sand	 dune	 site.	 The	 gibber	 plain	knapping	floors	were	considered	at	the	outset	to	be	a	potential	source	of	artefacts	for	the	sand	dune	site,	and	this	was	also	tested	by	the	comparison.			Technological	analysis	showed	that	the	sand	dune	quartzite	assemblages	were	markedly	different	from	the	gibber	plain	knapping	floor	sites.	The	greatest	difference	was	the	size	of	the	 flakes	and	cores	on	 the	dune	 site	which	were	 significantly	 smaller	 than	 those	 in	 the	gibber	plain.	The	cores	however	were	equivalently	reduced	(measured	as	a	percentage	of	volume	 lost	 through	 knapping)	 indicating	 that	 they	 were	 derived	 from	 much	 smaller	nodules.	 It	 was	 concluded	 that	 the	 dominant	 long	 term	 trend	 of	 artefact	 procurement	reflected	 in	 the	 dune	 site	 assemblage	 was	 of	 in	 situ	 artefact	 manufacture	 from	 smaller	quartzite	gibber	nodules	than	were	used	to	make	artefacts	in	the	gibber	plain	knapping	floor	sites.			This	also	suggested	that	knapping	floors	were	not	the	main	source	of	quartzite	artefacts	for	the	sand	dune.	That	conclusion	was	reinforced	by	estimates	based	on	survey	data	from	the	gibber	knapping	 floors	which	showed	that	when	aggregated,	 those	sites	were	capable	of	producing	around	25,000	(arithmetic	estimate	was	24,684)	quartzite	artefacts.	In	contrast	there	was	an	estimated	half-million	(498,450)	quartzite	artefacts	on	the	surface	of	the	dune	site	 at	 ODX_15546	 alone.	 This	 vast	 difference	 in	 scale	 means	 that	 other	 procurement	strategies	were	certainly	required,	even	if	the	gibber	knapping	floors	did	contribute	a	small	number	of	those	dune	artefacts.		
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	With	 the	 comparison	 of	 the	 quartzite	 flake	 assemblage	 from	 the	 sand	 dune	 site	 and	knapping	floor	contexts,	it	was	also	recognised	that	the	dune	flakes	represented	a	later	stage	of	reduction.	However,	cores	represented	the	same	level	of	reduction	in	both	settings.		This	contradiction	indicated	a	more	complex	process	than	complete	nodule	reduction	must	have	been	at	play	in	at	the	dune	site.			Another	key	observation	was	that	the	flake	to	core	ratio	was	statistically	the	same	between	the	gibber	plain	knapping	floors	and	the	sand	dune	sites	and	yet	there	was	2%	more	retouch	on	the	sand	dune	quartzite	flakes.	This	retouch	was	identified	as	also	having	occurred	in	situ	on	the	sand	dune	due	to	the	much	smaller	size	of	the	dune	retouched	artefacts,	and	would	have	produced	additional	flakes	during	the	retouching	process.			By	 linking	 all	 of	 these	dune	 assemblage	 attributes	 a	model	 of	 artefact	 procurement	was	developed.	This	hypothesises	is	that	a	significant	proportion	of	gibber	plain	nodules	were	partially	 reduced	 in	 the	 gibber	 before	 transport	 to	 the	 sand	 dune	 site	where	 they	were	knapped	further.	When	these	nodules	were	knapped,	the	outcome	was	the	same	degree	of	total	core	reduction	as	in	the	gibber	plain	knapping	floor	sites,	but	some	flakes	had	already	been	removed	in	the	gibber	plain	prior	to	transport.	That	process	would	have	skewed	the	flake	assemblage	attributes	towards	the	characteristics	associated	with	later	stages	of	core	reduction.	The	knapping	that	occurred	at	the	sand	dune	would	have	produced	a	lower	flake	to	 core	 ratio	 than	 in	 the	 gibber	 plain	 knapping	 floors,	 as	 it	 did	 not	 represent	 the	 full	sequence	of	reduction.	In	contrast	the	flakes	produced	by	the	2%	more	quartzite	retouch	would	have	increased	the	number	of	flakes	on	the	dune	site	and	therefore	offset	that	trend,	re-adjusting	the	flake	to	core	ratio	to	be	statistically	similar	to	the	ratio	found	at	the	gibber	knapping	floor	sites.			In	addition	to	this	proposed	model,	it	can	be	seen	that	some	unworked	raw	material	was	brought	 to	 the	dune	 site	 from	 the	gibber	plain	 in	 the	 form	of	manuports.	 It	 is	 likely	 the	procurement	and	knapping	strategies	would	have	varied	over	the	very	long	term	(14kya)	of	habitation	of	the	dune	site.	This	may	have	included	the	use	of	flakes	from	the	gibber	plain	knapping	floor	sites	although	this	would	have	contributed	only	a	minor	component	of	the	artefacts,	which	 is	 not	 reflected	 in	 the	 analysis	 of	 the	 dune	 site	 assemblage	 as	 a	whole.	Likewise	 the	 gibber	 plain	 knapping	 floors	 may	 have	 been	 part	 of	 an	 entirely	 different	technological	strategy	for	expedient	use	and	discard	within	the	gibber	plain.		
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There	are	several	implications	of	the	procurement	model	proposed.	The	sand	dune	material	used	was	both	smaller	than	the	gibber	plain	knapping	floor	nodules	and	partially	reduced	prior	to	transport.	This	 is	evidence	of	a	procurement	strategy	that	manages	and	reduces	transport	 costs.	 This	 is	 done	 by	 selecting	 or	 creating	 smaller	 pieces	 for	 transport.	Additionally,	raw	material	testing	practices	within	the	gibber	plain	prior	to	transport,	are	also	hypothesised.	This	would	 also	 reduce	 transport	 costs	by	managing	 the	 risk	of	 poor	material	selection.			The	model	proposed	provides	 an	 archetype	of	 an	 archaeological	 signature	 in	 the	 gibber	plain	 that	 could	 be	 tested	with	 future	 research.	 The	 partial	 reduction	 of	 nodules	 in	 the	gibber	 plain	 prior	 to	 transport	 to	 the	 sand	dunes	would	 leave	behind	 small	 numbers	 of	artefacts.	 These	 may	 appear	 as	 a	 background	 scatter	 of	 isolated	 and	 small	 groups	 of	artefacts	that	were	below	the	HEHODAP	minimum	threshold	of	five	artefacts	to	be	recorded	as	a	site	(Hughes	et	al.	2012).	To	fit	the	model	proposed,	these	artefacts	would	be	primarily	cortical	flakes,	and	as	a	group	should	reflect	a	much	lower	stage	of	core	reduction	than	the	knapping	floor	and	dune	site	assemblages.	This	this	could	be	tested	by	undertaking	a	non-site	survey	of	artefacts	and	their	attributes	(eg.	Dunnell	1992;	Ebert	1992;	Holdaway	et	al.	1998;	Isaac	1981;	Rhoads	1992),	but	avoiding	knapping	floor	sites	during	this	recording,	to	focus	on	the	behaviours	invoked.			Another	implication	of	this	model	is	that	the	predominant	approach	of	transporting	whole	or	partially	reduced	stone	nodules	to,	followed	by	in	situ	knapping	on	the	sand	dune,	created	a	situation	of	increased	flexibility.	Transporting	whole	nodules	or	cores	rather	than	flakes	increases	the	potential	variety	of	artefact	forms	than	can	be	made.	This	delayed	knapping	decisions,	 perhaps	 until	 tool	 needs	 arose.	 It	 would	 also	 allow	 for	 a	 separation	 of	procurement	and	knapping	activities,	which	may	be	undertaken	by	different	people.	As	was	discussed	in	Chapter	2,	there	are	Australian	ethnographic	examples	(Cane	1992),	including	a	study	from	near	the	Roxby	dunefield	in	the	Lake	Eyre	area	(Aiston	1928)	where	such	a	segregation	 of	 tasks	 by	 generation	 and	 experience	 level	 was	 observed.	 Young	 people	collected	the	raw	material	and	older/more	skilled	people	undertook	the	knapping	in	both	of	these	examples.	So	the	transport	of	minimally	worked	or	unworked	material	to	the	dune	site	may	reflect	aspects	of	the	social	organisation	of	technology.		Interestingly,	it	was	an	expressed	view	by	the	traditional	owners	(Harold	Dare	in	particular,	but	also	Glen	Wingfield	and	Michael	McKenzie)	during	the	fieldwork	for	this	study,	that	the	dune	site	artefacts	were	made	by	experienced	knappers	in	contrast	to	the	gibber	knapping	floors	which	were	‘practice	runs’	for	novices	to	learn	the	skills.	This	idea	is	explored	in	more	
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detail	in	the	discussion	of	the	knapping	floor	sites	and	in	particular	site	ODX_11738,	which	may	provide	further	insight	on	these	theories.		Overall	 this	 dune	 site	 assemblage	 analysis	 found	 the	 dominant	 quartzite	 artefact	procurement	 practice	 to	 be	 in	 situ	 knapping	 of	 minimally	 reduced	 and	 complete	 stone	nodules.	 It	 demonstrated	 that	 the	 gibber	 plain	 knapping	 floors	 could	 not	 have	 played	 a	major	role	 in	 the	organisation	of	 technology	on	the	dune	as	no	definitive	 link	was	 found	from	artefact	attributes	between	these	two	site	settings.	To	better	understand	the	role	of	the	 gibber	 plain	 knapping	 floors	 in	 the	 study	 area,	 and	 the	 underlying	 behaviours	 they	represent,	 a	 spatial	 distribution	 analysis	 of	 these	 sites	 was	 undertaken.	 This	 is	 now	described.		
The	Reflection	of	Procurement	Practices	in	the	Gibber	Plain	Knapping	Floor	Sites	The	results	of	a	site	location	analysis	of	the	gibber	plain	knapping	floors	was	presented	in	Chapter	9.	This	initially	sought	a	spatial	connection	between	the	knapping	floor	sites	and	the	sand	dune	sites	and	found	the	knapping	floors	were	closer	to	the	six	largest	sand	dune	sites	 (particularly	 ODX_15546)	 than	 would	 be	 expected	 from	 a	 random	 sample.	 This	suggests	 they	 were	 used	 and	 created	 within	 the	 same	 broad	 temporal	 period	 and	 that	people	who	made	 the	 knapping	 floors	 (particularly	 those	 closest	 to	 the	 dune)	 used	 the	major	sand	dune	sites.			Despite	 this	general	 trend	of	dune	site	proximity,	 there	remained	a	number	of	knapping	floors	 that	 were	 in	 the	 centre	 of	 the	 gibber	 plain	 well	 away	 from	 sand	 dune	 sites.	 A	comparison	was	made	of	knapping	floors	more	than	600m	away	from	major	dune	sites,	to	those	within	300m.	This	was		a	cost-benefits	analysis	which	tested	the	procurement	modes	proposed	by	Binford	(1979).	It	was	hypothesised	that	in	an	embedded	procurement	model	(ie	 opportunistic	 collection	 during	 other	 economic	 activities),	 there	 would	 be	 no	relationship	between	the	distance	of	knapping	floor	sites	from	sand	dunes	(ie	travel	costs),	technological	characteristics	of	the	artefacts	or	raw	material	properties.				Since	 the	 texture	 of	 the	 quartzite	 was	 continuous	 throughout	 the	 gibber	 raw	 material	differences	focused	on	the	spatial	availability	of	nodules	of	a	minimum	size.		No	relationship	was	found	between	the	distance	of	knapping	floor	sites	from	sand	dunes	(and	sand	dune	sites)	 and	 the	 availability	 of	 raw	 material	 of	 a	 minimum	 size.	 Likewise,	 there	 were	 no	technological	 differences	 in	 assemblages	 or	 number	 of	 artefacts	 produced	 or	 missing,	associated	with	site	distance.	There	was	rather,	similar	raw	material	abundant	throughout	the	gibber	plain,	including	close	to	dune	sites.	These	results	instead	support	an	embedded	
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procurement	mode	hypothesis	 (Binford	1979),	with	stone	procurement	undertaken	as	a	part	of	broader	subsistence	activities.	In	the	case	of	the	knapping	floors	this	would	mean	the	knappers	were	already	undertaking	activities	 in	 the	area,	rather	 than	taking	out	and	back	trips	into	the	gibber,	specifically	to	collect	stone	material.			Also	supporting	this	finding,	is	the	linear	distribution	of	knapping	floors	aligned	on	the	most	direct	route	between	the	largest	sand	dune	sites	on	either	side	of	the	gibber	plain.	This	is	significant,	highlighting	human	movement	through	the	study	area	landscape	and	the	travel	activity	 in	 which	 knapping	 was	 embedded.	 It	 suggests	 that	 artefacts	 were	 made	 while	moving	through	the	gibber	landscape,	along	a	~	1.7km	pathway	between	larger	occupation	sites.	This	distribution	pattern	would	not	have	occurred	without	repetition,	either	over	a	long	period	of	time	or	by	many	people	in	a	shorter	time-frame.	It	demonstrates	that	people	had	 culturally-shared,	working	 knowledge	 and	 experience	 of	 their	 landscape	 and	 of	 the	location	 of	 major	 sites.	 The	 long	 and	 repeated	 use	 of	 the	 site	 ODX_15546,	 which	 was	episodic	 (Sullivan	and	Hughes	2014),	 is	 testament	 to	 this	same	spatial	knowledge	of	 the	landscape	by	Aboriginal	people	in	the	past.				These	 findings	 show	 that	 the	 non-localised	 nature	 of	 the	 gibber	 plain	 raw	 material	determined	the	way	people	collected	and	used	it	for	stone	artefacts.	Gibber	material	was	abundant	 and	widely	 available	 for	 people	 travelling	 through	 the	 study	 area.	 This	 factor	undoubtedly	contributed	to	the	formation	of	discrete	knapping	floors	throughout	the	area,	rather	 than	 a	 concentration	 of	 activity	 such	 as	 occurs	 at	 quarry	 sites	 (eg.	 Sullivan	 et	 al.	2014b).	It	also	provided	knappers	with	a	great	amount	of	flexibility.	That	is	explored	further	in	the	interpretation	of	knapping	strategies.			
Factors	Influencing	Knapping	Strategies	Used	in	the	Gibber	Plain	The	process	of	making	stone	artefacts	in	the	gibber	plain	knapping	floor	sites	was	analysed	in	 Chapter	 6.	 Refitting	 of	 13	 assemblages	 was	 an	 important	 part	 of	 that	 research	 and	provided	direct	examples	of	the	knapping	strategies	used.	The	analysis	focused	on	isolating	and	 identifying	the	roles	of	several	variables	on	the	process	and	choice	of	strategy	used.	These	 were:	 1)	 nodule	 morphology,	 2)	 solutions	 used	 to	 mitigate	 individual	 core	morphology	 problems,	 3)	 a	 culturally	 shared	 standardised	 output	 or	 common	 technical	process,	and	4)	the	degree	of	individual	knapper	habit	and	variability.			Raw	material	as	the	first	variable	considered	was	found	to	have	played	only	a	limited	role.	Nodules	 that	had	one	or	more	natural	 flat	surfaces	were	selected	 from	the	gibber	as	 the	initial	 procurement	 strategy	 used.	 This	 nodule	 shape	 largely	 dictated	 the	 first	 flaking	
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platform	 used	 in	 the	 knapping	 strategy.	 There	was	 some	 indication	 (from	 the	 intra-site	spatial	 analysis	 results	 in	Chapter	7)	 that	 nodule	 size	 influenced	 the	 choice	 of	 knapping	stance/technique	used.	In	five	sites	where	large	cores	many	kilograms	in	weight	were	used,	there	was	evidence	for	reverse	knapping.	The	core	rests	on	the	ground	during	the	process	(Hiscock	2004),	so	it	is	appropriate	for	using	with	large	nodules.	In	contrast	one	core	less	than	500g	was	demonstrated	through	intra-site	spatial	analysis	to	have	been	produced	by	a	 forward	 knapping	 technique	 where	 the	 core	 is	 held	 in	 the	 hand,	 a	 technique	 which	improves	precision	in	knapping	smaller	cores.	These	sites	provide	evidence	of	individual	knapping	behaviour	and	indicate	how	the	choice	of	knapping	technique	followed	from	the	raw	material	procurement	choice	as	a	process	in	the	technological	lifecycle.		The	 abundance	 of	 gibber	 raw	material	 appears	 to	 have	 influenced	 the	 low	 level	 of	 core	reduction	and	there	was	no	effort	to	conserve	raw	material.	Core	characteristics	at	the	point	of	 abandonment	 showed	 that	 few	had	 evidence	 of	 problems	 in	morphology	 or	 size	 that	would	have	made	continued	knapping	less	efficient.	Individual	knappers	did	not	encounter	significant	core	morphology	problems	in	the	knapping	process	so	this	factor	did	not	dictate	the	 knapping	 strategy	 used.	 This	 contrasts	with	 the	 observations	 of	 Hiscock	 (2006b)	 of	knapping	floors	in	Lawn	Hill,	where	knapping	strategy	was	largely	a	product	of	reactions	to	situational	problems.	This	difference	is	a	function	of	the	fact	that	the	cores	in	Lawn	Hill	were	knapped	to	a	point	of	exhaustion	demonstrating	raw	material	conservation.	With	increased	reduction	there	is	a	greater	potential	for	knapping	problems	to	arise	(Delagnes	and	Roche	2005).	Therefore,	this	likely	explains	the	difference	between	the	Lawn	Hill	and	the	study	area	assemblages.		The	potential	for	knapping	strategy	to	be	related	to	culturally	shared	mental	templates	of	process	and	artefact	types	was	also	examined.	There	was	no	association	between	different	knapping	 strategies	 and	 their	 different	 flake	 characteristics.	 The	 one	 exception	was	 the	unidirectional	 knapping	 strategy	 A,	 which	 produced	more	 flakes	 with	 striking	 platform	cortex.	This	was	unlikely	to	be	an	intentional	attribute	as	there	was	no	preference	for	this	among	the	flakes	that	were	removed	from	the	knapping	sites.		Instead,	the	selected	artefacts	were	neither	standardised	nor	significantly	different	 from	the	artefacts	remaining	at	 the	sites.	That	indicates	a	wide	degree	of	flexibility	in	the	form	of	artefacts	considered	suitable	for	transport	and	may	have	been	based	on	their	ability	to	accomplish	tasks	such	as	cutting,	rather	a	strict	morphological	criterion.			There	is	nevertheless	evidence	that	knapping	was	a	learned	process	and	that	the	way	cores	were	reduced	and	the	stance	of	the	knapper,	were	aspects	shared	between	individuals.	A	
	282	
key	 knapping	 floor	 site	 for	 this	 interpretation	 is	 ODX_11738	 which	 had	 two	 knapping	features	each	with	a	single	knapped	nodule.	Principal	components	analysis	indicated	that	these	were	most	likely	to	have	been	created	by	different	individuals,	however	they	shared	the	same	knapping	strategy	and	knapping	stance	(reverse).	This	important	site	is	discussed	in	more	detail	 below,	 but	 this	was	 interpreted	 as	potential	 evidence	of	 shared	 technical	knowledge.			Interacting	with	shared	cultural/technical	knowledge	is	individual	knapper	agency.	Using	the	method	of	factoring	out	all	other	influences	to	explain	the	strategies	used	(David	2004),	there	remained	variability	that	could	not	be	associated	with	any	other	determining	process.	Since	there	was	little	difference	produced	by	the	different	knapping	strategies	this	means	that	the	choice	of	knapping	strategy	was	without	significant	consequence.		This	would	have	provided	 the	 knappers	 significant	 freedom,	 in	 a	 situation	 of	 enormous	 abundance	 of	available	raw	material.			This	choice	was	expressed	in	the	knapping	sites	with	multiple	knapped	nodules.	There	were	examples	of	both	variability	and	standardisation	in	strategy	used.	Since	these	sites	can	be	interpreted	as	the	work	of	individual	knappers,	due	to	their	high	level	of	artefact	clustering,	it	can	be	ruled	out	that	knapping	strategies	were	associated	with	different	time	periods	and	varying	 knapping	 ‘traditions’.	 Instead	 individual	 knappers	 appear	 to	 have	 shared	knowledge	 of	 multiple	 strategies.	 The	 resulting	 knapping	 processes	 are	 therefore	 an	interaction	of	 this	knowledge,	skill,	habit	and	creativity	as	acts	of	 individual	agency.	The	concept	 of	 habitual	 creativity	 (Glăveanu	 2012)	 describes	 the	 patterns	 observed.	 This	produces	variance	 in	practice	 that	 is	 semi-conscious	and	not	goal	orientated.	This	might	explain	also	the	‘random’	and	‘indifferent’	knapping	of	everyday	artefacts	described	in	the	ethnographic	literature	(Gould	et	al.	1971;	Hayden	1979;	Tindale	1965).			Overall	this	study	of	the	technological	organisation,	has	characterised	a	complex	lifecycle	of	artefacts	and	materials	from	the	gibber	plain	to	sand	dune	sites	over	the	long-term	use	of	place.	 Despite	 this	 long	 time-span,	 the	 role	 of	 individual	 knappers	 operating	within	 the	abundant	 raw	material	 environment,	 each	with	 a	 skill-set	 influenced	 by	 shared	 cultural	knowledge,	is	the	dominant	source	of	both	variability	and	standardisation	in	the	quartzite	knapping	floor	sites.	This	suggests	the	natural	and	physical	environment	afforded	flexibility	and	opportunity,	rather	than	playing	a	deterministic	role.			This	 study	 provides	 a	 new	 perspective	 on	 informal	 stone	 artefacts.	 Unprepared	 core	reduction	 technologies	 in	Australia	 have	been	 generally	 neglected	 in	prior	 research	 and	
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considered	inferior	sources	of	information	due	to	their	simplicity.	This	research	supports	the	findings	of	Douglass	et	al.	(2008)	that	informal	artefact	production	can	also	be	reflective	of	resource	planning	and	transported	technologies.	This	comes	from	the	observation	that	there	are	flakes	missing	from	the	knapping	floors	sites	and	that	gibber	raw	materials	(not	necessarily	artefacts)	were	transported	to	dune	sites.	In	both	cases	however	this	transport	distance	need	not	be	 far.	 Since	knapping	 floor	 sites	 could	not	be	definitively	 linked	as	 a	source	of	sand	dune	artefacts,	artefacts	could	have	been	conceivably	used	and	discarded	within	the	gibber	plain.	This	must	have	been	at	least	at	a	short	distance	from	the	knapping	floors	 as	 no	 utilised	 flakes	 were	 found	 at	 the	 knapping	 sites	 studied	 and	 all	 refitted	assemblages	were	missing	 at	 least	 one	 artefact.	 This	 scenario	was	 also	 acknowledge	 by		Douglass	et	al.	(2008)	as	well	as	Close	(2000)	who	have	highlighted	that	artefact	transport	exists	on	a	continuum.	The	knapping	floors	sites	are	discussed	in	greater	detail	below	for	their	methodological	contribution	to	surface	archaeology	and	temporal	resolution.		
The	Research	Potential	of	Gibber	Plain	Knapping	Floor	Sites	
	The	 second	 research	 aim	 of	 this	 project	 was	 to	 understand	 site	 formation	 processes	influencing	 gibber	 plain	 knapping	 floor	 sites	 and	 determine	 the	 research	 potential	 of	knapping	floors	for	preserving	high-resolution	evidence	of	individual	knapping	events	and	individual	knappers.			Previous	 research	 in	 this	area	has	been	 limited	with	only	one	previous	study	examining	knapping	floor	sites	specifically	in	a	desert	pavement	setting	in	Egypt,	where	a	high	degree	of	site	preservation	was	asserted	(Adelsberger	and	Smith	2009;	Chiotti	et	al.	2007).	This	occurred	because	the	desert	pavement	surface	had	a	high	coverage	of	stone	that	interlocked	with	 artefacts	 to	 generate	 spatial	 stability	 (Chiotti	 et	 al.	 2007).	 No	 similar	 studies	 have	targeted	these	sites	in	Australia,	although	refitting	of	knapping	floors	in	non-gibber	plain	contexts	has	been	studied	from	a	technological	perspective	(Hiscock	2007a;	Moore	2004).	Instead	 the	 dominant	 view	 is	 that	 evidence	 of	 individual	 behavioural	 events	 would	 be	unlikely	to	be	preserved	in	the	surface	and	subsurface	archaeological	record	generally,	due	to	 taphonomic	 impacts	 and	 overprinting	 (Binford	 1981;	 Holdaway	 and	 Douglass	 2012;	Stern	1994;	Wandsnider	and	Camilli	1992).			While	this	probably	is	true	for	the	majority	of	archaeological	sites,	specific	examples	(e.g.	gibber	plains)	offer	high	potential	for	site	preservation	and	surface	stability.	Research	in	the	study	area	therefore	examines	temporal	resolution	and	the	potential	preservation	of	intra-
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site	 spatial	 patterning	 in	 association	 with	 the	 ability	 for	 these	 factors	 to	 contribute	 to	understanding	individual	knapping	events.			To	 establish	 the	 reliability	 of	 this	 environment,	 development	 of	 a	 new	methodology	 for	analysing	desert	pavements	and	knapping	floor	sites	was	required	(Chapters	5	and	7).	It	is	hoped	 that	 this	 will	 be	 useful	 for	 other	 researchers	 attempting	 to	 obtain	 high	 levels	 of	temporal	resolution	through	surface	archaeology.		
Natural	Taphonomic	Impacts	to	Gibber	Plain	Knapping	Floor	Sites		It	was	 important	 to	 identify	 if	 the	knapping	 floor	sites	remained	 intact	since	 their	 initial	deposition	(site	completeness	and	spatial	patterning).	This	was	done	through	a	series	of	simulated	taphonomic	experiments,	archaeological	knapping	floor	excavation	and	general	geomorphic	observations	which	were	outlined	in	Chapter	5.	It	was	discovered	that	gibber	plain	environments	were	variable	in	terms	of	stability.			Archaeological	 sites	 near	 active	 gilgai	were	 dispersed	 and	 partially	 buried	 and	 thus	 not	considered	suitable	for	spatial	analysis	focused	on	interpreting	knapping	behaviours.	Sites	in	these	contexts	however	may	remain	suitable	for	technological	analysis	and	techniques	such	as	refitting.	While	this	was	not	a	factor	in	the	Roxby	dunefield	study	area,	 if	similar	knapping	floors	were	observed	on	a	sloping	gibber	surface	the	potential	impact	of	stepped	gilgai	that	can	migrate	over	archaeological	time-spans	would	need	to	be	considered.	On	the	relatively	flat	study	area	gibber	there	are	only	stationary	circular	gilgai	(Mabbutt	1977).			In	contrast,	 gibber	surfaces	with	high	clast	density	were	highly	protective	of	most	 stone	artefacts	and	site	spatial	patterning.	High	gibber	stone	coverage	locks	artefacts	in	place	and	little	movement	was	observed	on	these	surfaces.	There	was	a	strong	relationship	between	a	high	level	of	intra-site	clustering	and	gibber	clast	coverage	above	50%.			One	 important	 exception	 to	 this	 stability,	 was	 that	 the	 smallest	 artefacts	 were	 readily	displaced	by	erosion.	In	the	study	area	archaeological	sites,	it	was	found	that	virtually	no	microdebitage	was	 preserved	 and	 that	 sites	 assemblages	were	missing	 between	 27	 and	59%	of	their	0.1-4.99g	artefacts.	This	focuses	on	the	lowest	end	of	that	weight	range	since	there	were	artefacts	in	this	weight	class	remaining	at	the	experimental	sites.	Contributing	also	to	the	absence	of	these	smaller	artefacts	was	their	reduced	visibility	in	the	field.	This	indicates	no	archaeological	knapping	floors	can	be	considered	to	be	entirely	intact	but	this	taphonomic	impact	is	size	limited.	Interpretation	of	similar	surface	sites	therefore	should	focus	on	macro	sized	artefacts.			
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These	finding	mirror	the	similar	observations	of	artefact	loss	at	the	smallest	size	fraction	in	a	range	of	environmental	and	cultural	contexts.	There	is	a	 long	tradition	of	studying	size	sorting	of	sediment	particles	from	various	environmental	processes	(Abrahams	et	al.	2000;	Abrahams	et	al.	1998;	Buck	et	al.	2002;	Dong	et	al.	2004).	These	same	processes	likewise	impact	artefacts	within	the	same	size	ranges	(Bertran	et	al.	2012;	Sitzia	et	al.	2012).	The	general	 trend	 is	 that	higher	energy	processes	and	 increasing	ground	slopes	allow	 larger	particles	(and	artefacts)	to	be	more	easily	eroded	(Bertran	et	al.	2012).	The	flat	shape	of	many	flake	however	can	mean	they	might	be	more	easily	eroded	relative	to	their	weight	compared	to	rounder	particles	 (Borrazzo	2006).	Such	processes	 include	erosion	by	both	wind	and	water	which	both	likely	played	a	role	in	the	removal	of	the	study	area	smallest	artefacts	at	the	knapping	floor	sites.		Likewise,	cultural	processes	such	as	the	transport	of	artefacts	to	create	secondary	deposits	and	 the	 cleaning	 of	 living	 surfaces	 can	 also	 remove	 or	 separate	 the	 smallest	 faction	 of	artefacts	including	microdebitage	(Fladmark	1982;	Healan	1995;	Hull	1987;	Schiffer	1983).	It	 is	not	however	expected	that	these	factors	were	involved	at	the	gibber	plain	knapping	floor	 sites.	 They	 were	 not	 habitation	 sites	 requiring	 waste	 removal.	 	 There	 was	 also	significant	evidence	from	their	spatial	patterning	that	they	are	primary	reduction	deposits	as	will	be	discussed	below.					The	degree	of	artefact	clustering	within	sites	was	 found	 to	be	a	 reliable	 indicator	of	 site	preservation.	 The	 taphonomic	 experiments	 demonstrated	 natural	 processes	 caused	artefact	dispersal,	not	clustering.	The	value	used	to	assess	clustering	in	the	study	area,	was	a	mean	artefact	radius	of	≤0.62m	which	was	the	value	produced	by	experimental	knapping.			The	overall	implications	of	this	research	are,	that	the	gibber	plain	offers	some	stable	micro-environments	 for	 archaeological	 sites	 but	 because	 of	 landscape	 variability,	 taphonomy	needs	to	be	addressed	on	a	case-by-case	basis	rather	than	all	sites	being	assumed	to	be	well	preserved.	A	combination	of	artefact	cluster	analysis	and	a	gibber	setting	with	high	clast	density	and	distance	from	active	gilgai	is	a	good	set	of	criteria	shown	by	this	research	to	predict	 site	 spatial	preservation.	Even	 in	 the	most	 stable	 contexts	however	 sites	are	not	entirely	complete	and	unaltered	representations	of	the	knapping	event	(Schiffer	1985).	This	research	has	demonstrated	that	analysis	should	 focus	on	 information	that	can	be	gained	from	artefacts	>5g	in	size	which	are	not	affected	by	erosion	processes.	With	this	knowledge,	and	 careful	 interpretation	 of	 knapping	 floor	 sites,	 analysis	 can	move	 beyond	 an	 overall	concern	 for	 site	 taphonomy	 to	meaningful	 interpretations	of	 individual	 events	 and	 their	contribution	to	general	patterns.		
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The	Temporal	Resolution	of	Knapping	Floor	Sites	This	research	has	taken	inspiration	from	temporal	perspectivisim	(Bailey	2007),	which	is	of	particular	 importance	 to	Australian	 surface	archaeology	 (Davies	 et	al.	 2016;	Doelman	2008a;	Fanning	et	al.	2009;	Holdaway	et	al.	1998;	Shiner	2009).	Since	most	previous	studies	have	focused	on	undateable	(or	broadly	dated),	mixed	surface	artefact	scatters,	the	accepted	understanding	 is	 that	 these	are	 time-averaged	palimpsest	deposits	 (Dunnell	1992;	Ebert	1992).	Surface	research	has	therefore	been	confined	to	the	analysis	of	long-term	trends.	In	contrast	knapping	floor	sites	were	examined	in	this	study,	to	determine	whether	they	could	contribute	instead	high-resolution	data	about	individual	knapping	events.			Knapping	floor	sites	have	been	discussed	previously	in	the	literature	as	a	potential	source	of	high-resolution	information	but	the	views	presented	have	been	generally	negative	citing	key	concerns	related	to	event	overprinting	(Binford	1981;	Holdaway	and	Douglass	2012).	This	this	is	now	discussed	with	reference	to	the	study	area	knapping	floors	which	provide	a	methodology	for	assessment	and	a	case	study	example.			Two	models	of	event	overprinting	were	discussed	(Holdaway	and	Douglass	2012).	These	invoke	several	knappers	working	at	 the	same	 location,	and	post-depositional	scavenging	and	both	have	been	described	in	the	ethnographic	literature	(Hayden	1979;	Tindale	1965).			For	this	analysis,	intra-site	spatial	patterning	provided	key	information	about	the	number	of	potential	knapping	events	that	created	a	site.	Similarly,	intra-site	clustering	indicated	the	level	of	environmental	stability	and	it	identified	sites	which	were	the	product	of	individual	knapping	 events.	 An	 individual	 knapper,	 regardless	 of	 their	 stance	 or	 the	 intensity	 of	knapping,	produces	artefacts	within	a	limited	clustered	area.	If	there	was	overprinting	of	different	knapping	events,	it	would	be	expected	that	at	least	a	small	degree	of	change	in	the	positioning	of	 the	different	knappers	would	occur.	This	would	produce	 less	clustering	of	artefacts	at	sites.	Of	the	piece-plotted	knapping	floors	analysed	in	the	study	area,	60%	were	clustered	 within	 the	 experimental	 range.	 There	 was	 also	 a	 strong	 correlation	 between	surface	gibber	clast	density	and	intra-site	clustering.	This	indicates	most	knapping	features	reflect	 individual	 events	 and	 that	 it	 is	 the	 natural	 taphonomic	 processes	 that	 dispersed	some	sites	in	less	stable	gibber	settings.			Additional	 support	 for	 this	assessment	comes	 from	 the	overall	 low,	 standardised	rate	of	core	reduction	(~60%	volume	lost)	which	would	be	expected	to	have	greater	variability	if	some	cores	were	re-knapped.	While	it	was	initially	hypothesised	that	sites	with	more	than	one	knapped	nodule	would	be	more	likely	to	have	overprinting,	cluster	analysis	showed	this	
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not	to	be	the	case.	There	were	many	examples	of	highly	clustered	knapping	floors	with	more	than	one	knapped	nodule.			The	 extreme	 abundance	 of	 raw	 material	 and	 the	 extensive	 gibber	 plain	 landscape	 are	probably	 important	 factors	that	created	these	 ideal	circumstances	to	preserve	 individual	events.	Knapping	floor	sites	were	generally	spaced	well	apart	from	each	other	and	it	would	be	possible	to	walk	across	the	gibber	plain	without	finding	any.	There	would	be	little	reason	for	knappers	to	use	material	already	worked	by	others.		The	 other	 scenario	 of	 site	 scavenging	 as	 a	 secondary	 event	was	 also	 considered	 in	 this	analysis	through	refitting	and	looking	for	the	production	timing	of	transported	artefacts.	In	the	 study	 area	 these	 were	 found	 to	 be	 in	 a	 variety	 of	 different	 parts	 of	 the	 reduction	sequence	and	not	clustered	consistently	at	the	end	of	the	knapping	process.	This	indicates	knappers	 selected	 artefacts	 after	 reduction	 was	 completed	 (eg.Hiscock	 2004)	 but	 also	leaves	open	the	potential	that	post-depositional	scavenging	could	have	occurred.			Again	the	extensive	landscape	and	wide	distribution	of	knapping	sites	makes	this	less	likely	but	it	cannot	be	ruled	out	definitively.	This	does	not	affect	the	artefacts	that	remain	at	the	site	 and	 the	 ability	 to	 interpret	 the	 creation	 of	 knapping	 floors	 by	 individual	 knappers.	Missing-artefact	attributes	in	this	study	were	considered	as	a	group	to	look	for	normative	trends	in	selection.	This	avoided	problems	of	skewed	choice	if	they	were	selected	by	people	other	than	the	knapper.			In	addition	to	this	site	formation	assessment,	different	analytical	methods	were	used	to	find	temporal	 association	 between	 artefacts	 and	 assemblages	 for	 high-resolution	 research.	Stone	 artefact	 refitting	 (Cziesla	 1990a)	 was	 used	 to	 identify	 artefacts	 derived	simultaneously	 from	 the	 same	 flaked	 nodule	 and	 to	 study	 the	way	 stone	 artefacts	were	made	 by	 individual	 knappers.	 That	 research	 went	 beyond	 this	 technique	 to	 identify	separate	knapped	nodules	that	were	interpreted	to	be	the	work	of	the	same	knapper	in	a	single	 knapping	 session.	 These	were	 knapping	 floors	with	more	 than	 one	 stone	 nodule	contained	within	a	highly	clustered	single	knapping	feature.	The	spatial	analysis	provided	the	 evidence	 that	 these	 were	 the	 product	 of	 single	 knapping	 events	 and	 this	 enabled	variability	in	knapping	on	an	individual	knapper	level	to	be	analysed.			Principal	 component	analysis	 (PCA)	of	 assemblages	 (Williams	and	Andrefsky	2011)	was	also	used	to	look	for	idiosyncratic	markers	of	individual	knappers.	This	method	confirmed	that	knapping	features	were	created	by	individual	knappers,	however	the	inability	to	use	
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the	 technique	 to	 compare	 assemblages	produced	by	different	 knapping	 strategies	was	 a	limitation.	In	another	archaeological	context	where	technology	is	more	standardised,	this	method	would	have	wider	potential	utility.			An	 interesting	 outcome	 from	 the	 PCA	 was	 that	 it	 showed	 the	 closely	 spaced	 knapping	features	in	ODX_11738	were	not	the	result	of	the	same	individual	knapper.	Considering	the	close	location	of	these	two	features,	and	through	an	analysis	of	the	spatial	patterning	and	technological	strategy,	the	cluster	is	construed	as	the	product	of	two	individuals	in	a	single	knapping	 episode.	 While	 such	 an	 analysis	 can	 never	 be	 proved	 absolutely,	 there	 was	overwhelming	evidence	of	interaction	of	materials	and	technological	knowledge	between	the	 two	 knapping	 features.	 An	 alternative	 diachronic	 scenario	 produced	 by	 different	individuals	at	different	times	would	seem	too	coincidental	to	be	likely.		Overall	 this	 research	 has	 demonstrated	 that	 knapping	 floor	 sites	 provide	 a	 unique	 and	important	 temporal	window	 into	 the	 archaeological	 past.	 It	 remains	 true	 that	 if	 viewed	collectively	 as	 a	 group	of	different	 sites	 and	deposits	 they	 are	 accumulative	palimpsests	representing	long-term	behavioural	trends.	However,	unlike	mixed	surface	artefact	scatters	which	have	no	discernible	synchronic	components,	a	collection	of	knapping	floor	sites	can	be	read	as	the	work	of	multiple	individual	knapping	events	and	individual	knappers.	The	temporal	relationship	between	different	knapping	sites	is	unimportant	if	the	research	focus	is	 on	 individuals	 or	 on	 the	 influence	 on	 technology	 on	 factors	 that	 have	 universal	 and	timeless	relevance	such	as	raw	materials	and	the	natural	landscape.	This	approach	provides	a	 much	 richer	 and	 more	 nuanced	 understanding	 of	 stone	 technology	 than	 traditional	surface	archaeology.	Placing	people	central	to	the	analysis	acknowledges	their	agency.	
	
	
High-Resolution	Interpretations	of	Knapping	Sites	and	Assemblages	In	addition	to	the	study	of	site	 formation,	 this	research	developed	and	applied	analytical	techniques	to	 interpret	 the	sites	as	 individual	knapping	events	and	as	examples	of	stone	technology.	 Refitted	 assemblages	 provided	 enormous	 insight	 into	 stone	 artefacts	manufacture	 and	 the	 knapping	 strategies	 used.	 The	 results	 of	 this	 have	 been	 described	previously,	but	it	provided	an	opportunity	to	examine	the	degree	of	individual	habitual	and	culturally	shared	practice	in	contrast	to	creative	variation	in	the	process.			This	 research	 also	 developed	 new	 models	 of	 intra-site	 spatial	 patterning	 produced	 by	individual	knappers.	It	analysed	the	role	of	knapper	stance	using	ethnographically	inspired	postures	and	of	handedness.	These	experiments	provided	clear	evidence	that	these	factors	produce	different	patterns	of	artefact	distribution	and	isolated	various	identifying	factors	
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for	each	stance/handedness	 tested.	That	work	revitalises	an	area	of	 research	which	was	initially	instigated	by	Newcomer	and	Sieveking	(1980)	with	more	detailed	observations	and	a	quantitative	methodology,	as	well	as	using	knapping	postures	more	appropriate	 for	an	Australian	 Aboriginal	 context.	 The	 models	 produced	 by	 this	 research	 have	 broad	application	and	may	prove	useful	for	analysis	of	knapping	floor	sites	worldwide.			The	models	were	applied	to	interpret	the	study	area	knapping	floors.	The	erosion	of	small	artefacts	was	 found	 to	 limit	 the	 ability	 to	 use	 all	 the	 insights	 gained	 from	 experimental	knapping,	especially	the	interpretation	of	knapper	handedness.		It	was	possible	however	to	use	size	sorting	analysis,	since	this	relied	on	larger	artefacts	to	identify	examples	of	both	forward	and	reverse	knapping	stances	in	six	knapping	features.	This	demonstrated	that	this	method	of	analysis	has	enormous	potential	to	access	the	finer	details	of	the	way	artefacts	were	made,	which	in	turn	has	broader	implications	for	understanding	technical	skills	and	the	sharing	of	 cultural	knowledge.	This	was	highlighted	by	 the	 interpretation	of	 the	 two	knapping	features	in	ODX_11738	which	are	discussed	in	further	detail	below	as	an	example	of	 the	high	 level	of	 insight	and	 interpretation	 that	 is	possible	 through	an	examination	of	knapping	floor	sites.	
	
High	Resolution	Insights	from	Site	ODX_11738		Site	 ODX_11738	 is	 a	 knapping	 floor	 in	 the	 study	 area	 gibber	 plain	 with	 two	 knapping	features	spaced	0.5m	apart.	It	is	singled	out	and	discussed	in	detail	here,	as	it	provided	some	of	the	most	interesting	insights	into	individual	knapping	behaviour	in	the	study	area.	 	By	virtue	of	 its	high	degree	of	preservation	 this	site	and	 its	contained	assemblage,	could	be	analysed	using	a	combination	of	refitting	and	spatial	and	assemblage	principal	component	analysis	(PCA).	It	was	the	only	site	with	multiple	knapping	features	that	could	be	addressed	with	all	these	techniques.		Refitting	 analysis	 demonstrated	 that	 each	 knapping	 feature	 corresponded	 with	 the	reduction	 of	 a	 single	 nodule.	 Both	 flaked	 nodules	were	 knapped	 using	 the	 B1	 knapping	strategy	(see	Chapter	6).	The	spatial	analysis	of	the	features	also	suggested	both	were	made	using	the	reverse	knapping	stance/technique	(see	Chapter	7).		There	is	one	hammerstone	at	the	site	in	the	eastern	feature.	It	had	a	counted	28+	points	of	impact	 (with	many	more	 expected	where	 they	overlap	 in	 the	 areas	used	 and	with	most	impact	scars).	The	total	number	of	flakes	at	the	site	was	42,	therefore	it	would	be	reasonable	to	assume	this	one	hammerstone	could	have	been	used	to	make	all	 the	artefacts	 in	both	
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knapping	 features.	 Also	 interesting	 is	 that	 the	 western	 knapping	 feature	 was	 the	 only	refitted	nodule	of	those	analysed	in	the	study	area,	not	to	have	any	missing	flakes/voids.			
	Figure	141:	Map	of	ODX_11738	with	features		Given	all	the	available	evidence,	the	interpretation	was	that	these	two	features	were	created	in	a	single	knapping	episode	(two	reduction	events	one	after	the	other).	It	would	be	highly	coincidental	 for	the	two	knapping	features	to	share	as	many	characteristics	as	they	do	 if	they	 were	 formed	 separately	 in	 diachronic	 episodes.	 The	 very	 close	 proximity	 of	 the	features	in	comparison	to	other	knapping	floors	in	the	gibber	plain	is	further	indication	of	a	 shared	 episode	 formation.	While	 these	 features	 are	 only	0.5m	apart,	 there	 is	 no	other	knapping	floor	site	within	18	-100m,	as	knapping	floors	are	generally	sparsely	distributed	throughout	the	gibber	plain.			PCA	(Williams	and	Andrefsky	2011)	was	used	to	analyse	both	these	features	(see	Chapter	6)	to	identify	idiosyncratic	markers	of	 individual	knappers.	It	was	proposed	initially	that	the	scenario	most	likely	to	explain	the	shared	characteristics	of	the	features	was	that	both	were	 made	 by	 the	 same	 individual	 knapper.	 The	 assemblages	 in	 these	 features	 were	compared	with	those	of	two	others	that	also	used	the	B1	knapping	strategy	but	which	were	located	many	 hundreds	 of	metres	 away	 in	 the	 gibber	 plain.	 Surprisingly	 these	 analyses	found	that	the	two	features	in	ODX_11738	were	unlikely	to	have	been	made	by	the	same	individual	due	to	their	assemblage	variability.	Therefore,	the	most	probable	site	formation	scenario	is	that	two	individual	knappers	worked	together	in	the	same	knapping	session.		
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From	the	interpretation	of	that	knapping	episode	a	number	of	interesting	implications	can	be	drawn.	If	both	events	were	in	the	same	knapping	session,	using	the	one	hammerstone	at	the	site,	the	logical	interpretation	is	that	the	western	feature	was	made	before	the	eastern	feature.	This	is	supported	by	the	extremely	close	spacing	of	the	two	features	(0.5m),	which	is	probably	too	close	for	two	knappers	working	simultaneously	not	to	strike	each	other	with	flaking	debris.	It	is	relevant	that	the	one	ethnographic	record	of	Aboriginal	people	knapping	with	the	reverse	technique,	also	 interpreted	 for	both	ODX_11738	features,	recorded	that	two	people	were	involved	in	the	process.	One	knapper	and	second	person	who	stood	behind	the	knapper	and	reported	on	the	flake	characteristics	being	produced	(Hiscock	2004).			Since	 the	 feature	 that	 is	 interpreted	 as	 being	made	 first,	 had	 no	 removed	 artefacts	 this	suggests	 that	 they	 were	 not	 considered	 suitable	 for	 use	 by	 the	 knappers	 and	 a	 second	nodule	was	then	selected	and	flaked	by	the	second	knapper.	This	second,	eastern	knapping	feature	did	have	artefacts	missing	from	the	assemblage	and	these	were	most	likely	removed	by	the	knappers	for	transport	and	use	elsewhere.			A	possible	scenario	is	that	the	first	knapping	feature	was	made	as	a	learning	exercise	for	the	first	knapper,	or	as	a	demonstration	by	a	skilled	knapper	for	the	second	(protégée)	knapper.	This	 degree	 of	 untestable	 interpretation	 is	 not	 necessary	 to	 highlight	 the	 significant	evidence	of	shared	technical	knowledge	expressed	 in	 the	 two	knapping	 features.	The	B1	strategy	used	for	both	nodules	was	just	one	of	four	different	strategies	observed	in	the	area.	Knapping	strategy	has	been	shown	not	to	be	associated	with	the	production	of	particular	artefact	 types	 or	 a	 reaction	 to	 different	 gibber	 nodule	 forms	 or	 situational	 problems	(Chapter	6).	In	fact,	the	two	different	nodules	used	to	make	the	two	knapping	features	at	ODX_11738	differed	 greatly	 in	 size	with	 the	 first	 being	3284g	 in	weight	 and	 the	 second	being	more	than	twice	that	size	at	6647g.	This	reinforces	the	general	interpretation	made	in	Chapter	6	that	knapping	strategy	was	largely	a	reflection	of	individual	choice,	knapper	variability,	 and	 shared	 technological	 knowledge	 and	 skill.	 The	 evidence	 from	 site	ODX_11738	may	be	an	example	of	how	knappers	shared	these	skills	and	influenced	each	other	to	create	the	standardisation	in	knapping	strategies	observed.		Interpretations	of	site	ODX_11738,	as	a	high	resolution	example	of	a	‘moment	in	time’,	and	as	a	reflection	of	intersection	between	shared	culture	and	technology	are	explored	further	in	Appendix	9.	This	provides	a	reflexive	narrative	account	of	the	events	and	context	that	may	have	created	this	site	as	a	contribution	to	the	long-term	archaeological	record.			
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Overall	Conclusions			This	 research	 in	 the	 Roxby	 dunefield	 study	 area	 has	 revealed	 a	 rich	 cultural	 landscape	including	an	abundant	source	of	local	quartzite	in	the	gibber	plain	and	with	sand	dune	sites	that	were	used	intermittently	as	camps	over	a	14ky	period	(Sullivan	and	Hughes	2014).	It	was	 found	 that	 the	 past	 site	 occupants	 incorporated	 both	 local	 quartzite	 and	 non-local	material	into	a	complex	technological	strategy.	This	prioritised	the	higher	value	non-local	materials	 for	 artefact	 types	 that	 required	 their	 finer	 grained	 material	 properties,	 and	greater	efforts	were	made	to	conserve	this	raw	material	in	the	way	it	was	used.			Local	material	 abundance	was	 a	 driving	 factor,	with	 large	 amounts	 of	 quartzite	 used	 to	produce	simple	flaked	artefacts.	With	so	much	quartzite	available,	there	was	little	incentive	to	conserve	this	raw	material,	and	this	circumstance	provided	individual	knappers	with	a	large	degree	of	flexibility.	This	was	expressed	in	the	variability	of	knapping	strategies	used	which	were	interpreted	to	be	an	interaction	of	culturally	shared	technological	knowledge,	individual	habit	and	creativity	along	with	a	high	degree	of	flexibility	in	the	requirements	of	artefact	form.			This	 has	 provided	 new	 insights	 into	 stone	 technology	 in	 the	 Roxby	 dunefield	 and	 its	surrounding	region	as	well	as	its	role	within	broader	subsistence	practices.	For	example,	it	was	shown	through	spatial	analysis	of	knapping	floor	sites	that	people	made	artefacts	from	the	local	quartzite	while	travelling	across	the	gibber	plain	between	major	dune	sites.	Not	only	has	this	provided	one	of	the	first	archaeological	examples	of	demonstrated	embedded	procurement,	 it	has	highlighted	a	specific	pathway	used	repeatedly	in	the	past	by	people	within	the	gibber	landscape.	This,	along	with	the	identification	of	the	largest	sand	dune	sites	in	the	area	as	important	landmarks,	provides	some	insight	into	the	cultural	knowledge	and	vision	of	 the	study	area	 landscape.	Through	 the	study	of	 stone	artefact	 lifecycles	deeper	insights	into	past	Aboriginal	lifeways	have	been	gained.		This	research	has	also	in	part	addressed	an	imbalance	in	previous	Australian	research	that	prioritised	subsurface	archaeology.	In	more	rare	situations	where	stone	artefact	production	was	analysed	at	 source	 locations,	 the	previous	work	 focused	 largely	on	quarry	sites	 (eg.	Binford	and	O'Connell	1984;	Doelman	2008a;	Hiscock	2005b;	McBryde	1984).	This	thesis	provides	a	detailed	contrasting	case	study	of	stone	artefact	production	from	a	non-localised	raw	material	source,		informal	stone	technology	and	the	use	of	gibber	plain	material	at	dune	habitation	sites.			
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The	other	major	contribution	of	this	research	is	the	development	of	a	new	methodology	of	surface	archaeology,	using	high-resolution	site	 formation	analysis	of	 individual	knapping	floor	sites.	This	has	highlighted	the	enormous	research	importance	of	knapping	floors	sites,	to	provide	temporal	control	in	a	surface	context	and	a	higher	level	of	detail	and	insight	into	the	contribution	of	individual	events	to	the	long-term	record.	New	interpretive	models	of	knapping	 floor	 site	 formation	 were	 developed	 and	 combined	 with	 refitting	 and	technological	analysis.	It	was	shown	through	this	methodology	that	where	site	formation	is	understood,	identifying	synchronic	connection	between	artefacts	and	assemblage	may	be	possible	beyond	conjoing	artefacts	 to	other	assemblages	within	 the	same	knapping	 floor	feature.	 This	 of	 enormous	 importance	 for	 the	 study	 of	 stone	 technology	 generally,	 as	 it	allows	 the	 role	 of	 individual	 knappers	 and	 their	 contribution	 to	 variability	 and	standardisation	to	be	explored.			With	this	approach,	understanding	of	the	surface	archaeological	record	can	be	transformed.	Previous	work	has	been	 limited	to	the	analysis	of	 long-term	trends	and	a	view	that	with	‘time-averaging’	the	patterns	observed	are	representative	neither	of	lived	experiences	nor	of	 any	particular	moment	 in	 cultural	history	 (eg.	Bailey	2007;	 Stern	1994).	Through	 the	analysis	 of	 collections	 of	 discrete	 knapping	 floor	 features,	 the	 long	 term	 record	 can	 be	interpreted	 as	 an	 accumulation	 of	many	 individual	 events,	 enacted	 by	 past	 people.	 This	provides	a	far	richer	interpretation	of	the	archaeological	record	that	relates	to	past	people	which	should	be	the	goal	of	archaeological	research.		
Future	Research	Directions	
	The	results	of	this	study	highlight	several	future	directions	that	could	aid	both	the	regional	understanding	of	stone	artefact	economics	and	knapping	floor	studies	in	general.	For	future	research	in	the	Roxby	dunefield	it	is	suggested	that	further	analysis	be	carried	out	in	the	gibber	 plain	 to	 record	 the	 characteristics	 of	 the	 background	 scatter	 of	 artefacts	 not	associated	 with	 knapping	 floor	 sites.	 This	 would	 enable	 the	 raw	material	 procurement	model	proposed	for	ODX_15546	to	be	tested.	This	might	also	find	evidence	of	expedient	use	and	discard	of	knapping	floor	artefacts	which	would	help	to	resolve	the	purpose	of	these	sites.			It	would	also	be	of	regional	 interest	to	explore	in	further	detail	how	the	quartzite	gibber	resources	were	used	in	areas	beyond	where	this	material	 is	 locally	available.	Part	of	this	analysis	should	also	include	a	detailed	analysis	of	the	dune	site	to	the	south	of	the	study	area	 gibber	 which	 was	 connected	 to	 ODX_15546	 in	 the	 linear	 distribution	 of	 gibber	
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knapping	sites,	interpreted	in	this	investigation	as	a	pathway.	If	there	is	greater	evidence	of	artefacts	with	similar	attributes	to	the	gibber	plain	knapping	floors	on	this	southern	site,	that	might	indicate	a	tendency	towards	southerly	travel.			In	 this	 study	procurement	mode	was	only	analysed	 for	 the	knapping	 floor	sites.	General	procurement	aspects	such	as	the	choice	and	treatment	of	different	materials	were	analysed	for	the	sand	dune	assemblages,	however	since	the	source	of	the	non-local	materials	could	not	be	known	the	methodology	to	test	procurement	mode	could	not	be	applied.	Since	there	are	vast	differences	in	the	quality	and	properties	of	the	local	quartzite	and	non-local	silcrete	and	chert	it	would	not	be	appropriate	to	compare	these	two	groups	of	artefacts.	To	do	so	would	face	the	same	methodological	issues	as	the	studies	by	Gould	and	Saggers	(1985)	and		Morrow	and	Jefferies	(1989)	which	were	outlined	in	depth	in	Chapter	4.	If	future	research	however	could	identify	with	accurate	the	source	of	the	different	silcrete	and	chert	that	were	imported	into	the	study	area	then	procurement	mode	of	these	materials	could	be	revisited.	It	would	be	interesting	to	know	the	abundance	of	these	materials	relative	to	their	source	distance,	their	degree	of	reduction	and	their	general	use.	This	could	then	highlight	if	either	embedded	or	potentially	direct	procurement	of	these	materials	was	involved.			It	 is	also	suggested	that	further	experimental	knapping	work	be	undertaken.	It	would	be	useful	to	repeat	the	stance/handedness	knapping	experiments	to	confirm	the	results	with	more	 examples,	 including	 with	 different	 knappers	 and	 to	 factor	 in	 the	 degree	 of	 core	reduction	to	the	models	produced.	Additional	evidence	should	be	sought	to	identify	these	factors	using	only	 larger	 artefacts	 that	 are	unlikely	 to	be	disturbed	by	post-depositional	process.	One	area	 that	may	prove	 to	be	useful	 in	association	with	 that	study	 is	a	 further	examination	 of	 biomechanics	 in	 relation	 to	 knapper	 stance.	 The	 size	 sorting	 patterns	observed	 from	reverse	and	 forward	knapping	 techniques	hint	 that	 the	reverse	knapping	techniques	 provided	 increased	 force	 or	 directionality	 to	 that	 force.	 If	 this	 is	 the	 case	different	knapper	 stances	might	produce	 subtle	differences	 in	 certain	 artefact	 attributes	(such	 as	 bulbs	 of	 percussion).	 Developing	 an	 assemblage-based	 tool	 to	 assess	 knapping	stance	could	provide	additional	evidence	to	complement	spatial	analysis	and	could	also	be	applied	to	spatially	disturbed	sites.			It	is	suggested	that	similar	site	formation	research	to	that	undertaken	on	the	gibber	plain	environment,	 be	 applied	 in	 other	 landform	 settings.	 Gibber	 plains	may	 not	 be	 the	 only	landform	type	to	provide	areas	of	surface	stability	for	knapping	floor	sites.	If	the	range	of	archaeological	 contexts	 can	 be	 expanded,	 the	 potential	 for	 high-resolution	 surface	
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archaeology	is	also	increased.	Other	stone-covered	environments	may	be	a	good	starting	point	 since	 stone	cover	has	been	shown	by	 this	 research	 to	be	a	protective	 feature.	One	example	of	 this	may	be	areas	with	degraded	stone	outcrops	 that	have	been	also	used	 to	make	stone	artefacts.			As	a	concluding	general	comment	it	is	suggested	that	future	research	both	in	arid	Australia	and	beyond	should	seek	out	and	value	knapping	floor	sites	as	rich	sources	of	information.	On	 the	 basis	 of	 the	 Roxby	 dunefield	 observations	 (Hughes	 et	 al.	 2011)	 and	 elsewhere	(Hiscock	2007a),	knapping	features	are	predicted	to	be	far	more	common	in	arid	Australia	than	they	are	formally	reported	and	it	is	likely	they	have	been	ignored	for	their	small	size	and	their	simplicity.	These	however	are	the	 features	that	make	them	far	more	useful	 for	high-resolution	 interpretation	 than	 dense	 quarry	 sites,	 which	 suffer	 far	 more	 from	overprinting	and	 time-averaging.	Knapping	 floors	are	 the	perfect	 illustration	 that	 larger,	more	complex	or	extensively	used	sites	cannot	always	provide	the	best	evidence	for	many	research	 applications.	 Simple	 knapping	 floors	 are	 invaluable	 sources	 of	 archaeological	information.			
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Appendix	1:	Levels	of	Assemblage	Analysis	
	
List	of	Site	Assemblages	and	their	Level	of	Analysis		All	site	assemblages	were	recorded	with	basis	analysis.	Some	assemblages	were	recorded	with	the	additional	detailed	analysis.	These	different	levels	allowed	a	larger	sample	size	to	be	collected	and	analysed	than	would	be	possible	if	only	the	detailed	analysis	level	was	used.		
Basic	Analysis	Only	Dune	sites:	ODX_05894	ODX_05898	ODX_05930	ODX_05951	ODX_05964	ODX_05982	ODX_06900	ODX_12202	ODX_15546	(24	collection	squares)		Gibber	Plain	Knapping	Floor	Sites:		ODX_05805	ODX_05822	ODX_05932	ODX_06979	ODX_06981	ODX_06998	ODX_11729	ODX_11731	ODX_11734	ODX_12525	ODX_13021	ODX_13392	ODX_13394	ODX_13396	ODX_13397	ODX_13399	ODX_13478	ODX_15745	ODX_15750	
Detailed	Analysis	Dune	sites:	ODX_15546	(12	collection	squares)		Gibber	Plain	Knapping	Floor	Sites:	ODX_05815	ODX_05827	ODX_05828	ODX_05834	ODX_05857	ODX_05859	ODX_05905	ODX_05918	ODX_06931	ODX_06932	ODX_06968	ODX_11728	ODX_11735	ODX_11738	ODX_11778	ODX_11782	ODX_12202	ODX_12526	ODX_13019	ODX_13020	ODX_13398	ODX_13479	ODX_13480		
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Basic	Analysis		
Information:	Site	#	Date	Collected	Date	Analysed	Collection	Square	Area	Square	Bag	Barcode	#	Artefact	barcode	#	Artefact	#	Surface	or	Subsurface	Box	#	Processed	Storage	Location	Weight	(grams)	Comments	
Raw	Material	Type:	Chert	Quartzite	Silcrete	Quartz	Limestone	Unknown		
Artefact	Type:	Whole	Flake	Flake	Fragment	Flaked	Piece	Retouched	Flake	Other	Angular	Fragment	Core	Non-artefact	Heat	Shatter	Hammerstone	Anvil	Grinding	Stone	Tula	Unifacial	Point	Pirri	Point	Backed	Artefact	Fragment	Type	Complete	LCS	Proximal	Other	Non-orientable	Not	Applicable	
Detailed	Analysis		
Flakes	&	Missing	Flakes	
Flake	Technology	Category:	Whole	Flake	with	Missing	Margin	Proximal	Medial	Distal	Marginal	Left	LCS	Right	LCS	Left	Longitudinal	Right	Longitudinal	Right	Proximal	Left	Proximal	Right	Medial	Left	Medial	Left	Distal	Right	Distal	
Initiation:	Hertzian	Bending	Wedging			
Termination:	Feather	Step	Hinge	Outrepasse	Not	Applicable	
Size	Measurements:	Maximum	Length(mm)	Percussive	Length	(mm)	Percussive	Width	(mm)	Percussive	Thickness	(mm)	Bulb	thickness	(mm)	
Striking	Platform:	Width	(mm)	Thickness	(mm)	Angle	(degrees)	Cortex	thickness	(mm)	#	Points	of	percussion	
Dorsal:	Dorsal	cortex	cover	%	Cortex	thickness	(mm)	#	Dorsal	scars	#	Arises	#	Points	of	percussion	
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Other:	Overhang	Removal?	–	yes,	no	Overhang	Removal	Width	(mm)	Skew	Angle	(degrees)	#	Ventral	Bulbs	Retouched?	–	yes,	no	Comments		
		
Retouched	Flakes:	
#	Retouched	Edges	Dorsal	or	Ventral?	–	dorsal,	ventral,	bothRetouch	Order	–	dorsal	first,	ventral	first,	can’t	tell,	alternate	Retouch	Location	–	proximal,	distal,	left	margin,	right	margin	Kuhn	Index	Measurements	-3xT,	3xt	Clarkson	Index	–	8	scores	per	face	
Cores	
Type:	Unidirectional	Bidirectional	Multidirectional		
Measurements:	Orientated	Length	(mm)	Top	Width	(mm)	Top	Thickness	(mm)	Mid	Width	(mm)	Mid	Thickness	(mm)	Bottom	Width	(mm)	Bottom	Thickness	(mm)	
Other:	Platform	Angle	Natural	(degrees)	x	3	#	Flaking	Platforms	Platforms	Ordered?	–	yes,	no	Overall	Cortex	Cover	%	
Platform	Details:	Platform	#	Width	(mm)	Thickness	(mm)	Cortex	Cover	%	Cortex	thickness	(mm)	Platform	Angle	(degrees)	x	3	#	Definitive	flake	scars	Longest	flake	scar	(mm)	Last	flake	scar	(mm)	#	Ring	Cracks	Platform	Preparation?	–	yes,	no	Platform	Preparation	Length	-	mm		
Hammerstones	
Shape:	Prolate	Spheroid	Oblate	Spheroid	Spherical	Rectangular	Prism	Irregular	
Measurements:	Maximum	Length	(mm)	Maximum	Width	(mm)	Maximum	Thickness	(mm)	Orientated	Length	(mm)	
Other:	#	Hammered	Areas	#	Isolated	Hits	Hammered	Area	Diameter	(mm)	Can	Number	of	Hits	be	Estimated?	–	yes,	no	Minimum	#	hits	Comments		
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Refitted	Nodule	Measurements	
Information:	Site	#	Refit	Sequences	Nodule	#	
Measurements:	Length	(mm)	Top	Width	(mm)	Top	Thickness	(mm)	Mid	Width	(mm)	Mid	Thickness	(mm)	Bottom	Width	(mm)	Bottom	Thickness	(mm)	Overall	Cortex	Cover	%	Natural	Platform	Angle	(not	flaked)	x	5	Flaked	Platform	Angle	x	5	#	Natural	Planes	#	Natural	Planes	used	as	Flaking	Platforms	#	Flaking	Platforms	
Description:	Shape	–	cubic,	rectangular	prism,	spherical,	rounded	irregular,	angular	irregular,	combination	angular	and	rounded	Estimated	%	Nodule	Missing	Preference	for	Use	of	Natural	Plane	with	No	Cortex	–	yes,	no	Preference	for	Plane	with	Thinner	or	Harder	Cortex	–	yes,	noPreference	for	Flat	Area	of	Platform	Where	Rest	is	Rounded	–	yes,	noPreference	for	less	natural	edge	angle	–	yes,	no	Early	Flake	Creates	platform	–	yes,	noMissing	Flakes	in	Centre	of	Nodule	–	yes,	noComments	
	
Refitted	Sequences	
Information:	Site	#	Analytical	Nodule	#	Refit	Sequence	#	Total	#	Sequences	in	Nodule	Completely	Sequenced	Nodule?	–	yes,	no	#	Refitted	Artefacts	#	Missing	Artefacts	
	Missing	Core?	–	yes,	no	Unknown	#	Missing	Artefacts?	–	yes,	no	Cores	is	artefact	#	Process	(Equation	listing	order	of	artefact	numbers,	rotations	and	conjoins)	Comments	
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Appendix	2:	Measurement	of	Artefact	Attributes	and	Definitions		
Equipment	Artefact	length	attributes	were	measured	using	digital	callipers	to	an	accuracy	of	0.01mm	unless	they	were	larger	than	200mm	(the	maximum	length	possible	with	the	callipers)	in	which	a	tape	measure	was	used	to	an	accuracy	of	1mm.	Artefact	weight	was	measured	with	a	 laboratory-grade	 scale	 to	 an	 accuracy	 of	 0.01g.	 The	 following	 lists	 the	 specific	 ways	different	types	of	artefacts	were	classified	and	oriented	for	measurement.		
Classification	of	Artefact	Types	
Whole	Flake:	Fully	intact	flake	
Flake	Fragment:	Piece	of	a	broken	flake	
Flaked	 Piece:	 Artefact	 with	 characteristics	 indicative	 of	 conchoidal	 fracture	 but	 which	missing	key	characteristics	in	which	to	distinguish	it	as	either	a	retouched	artefact,	flake	or	core.	
Retouched	Flake	Other:	Amorphously	retouched	flake	
Angular	 Fragment:	 An	 angular	 piece	 of	 stone.	 No	 definitive	 evidence	 of	 flaking	 but	significantly	different	from	the	natural	stone	in	the	area	of	the	site,	so	inferred	to	be	a	likely	artefact	fragment.	
Core:	stone	artefact	 from	which	 flakes	have	been	removed	which	are	visible	as	negative	scars.	
Non-artefact:	manuports	which	have	no	evidence	of	human	modification	but	which	was	found	in	a	context	(dune)	in	which	human	transportation	must	have	been	involved.	
Heat	Shatter:	Stone	with	characteristics	of	fracture	from	heating.	These	are	items	generally	associated	with	hearths.	
Hammerstone:	Stone	with	impact	marks	consistent	with	using	a	hammer	for	flaking.	
Anvil:	Stone	with	impact	marks.	Distinguished	from	hammers	by	their	general	shape.	Anvils	tend	to	be	larger	and	have	impact	marks	on	a	flat	surface.		
Grinding	Stone:	Stone	with	characteristics	of	grinding	(smoothed	surfaces,	striations	etc).	
Tula:	A	formal	retouched	artefact	type.	Tulas	are	flakes	with	that	have	retouch	on	the	distal	end	that	extends	to	the	bulb	of	percussion.	Tula	slugs	have	been	further	worked	to	the	point	that	the	width	measured	at	the	striking	platform	is	longer	than	the	length.	
Unifacial	Point:	Flake	with	retouch	on	only	one	face	that	forms	a	point	shape.			
Pirri	 Point:	A	 flake	 with	 dorsal	 retouch	 that	 forms	 a	 point	 shape	 with	 the	 addition	 of	proximal	retouch	on	the	ventral	face	that	partly	flattens	the	bulb	of	percussion.			
Backed	Artefact:	Small	geometric	shaped	retouched	artefact	featuring	high	angled	‘backed’	retouch	on	one	edge.	
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Knapping	Floor	Terminology	
Knapping	Floor:		A	type	of	stone	artefact	scatter	site	which	during	field	survey	is	predicted	to	have	conjoining	artefacts	from	one	or	more	knapping	events	taking	place	at	that	location.	This	 prediction	 is	 based	 on	 the	 observation	 that	 artefacts	 of	 similar	 raw	 materials	 are	clustered	 and/or	 that	 there	 are	 one	 or	more	 artefacts	 already	 conjoined	 in	 the	 field.	 In	addition,	there	may	be	other	indications	that	this	is	a	knapping	location	such	as	the	presence	of	cores	and	hammerstones	in	addition	to	flakes.	 			
Gibber	Clast:	a	natural	piece	of	stone	within	the	gibber	plain.	This	is	distinguished	from	a	‘nodule’	 in	 that	 it	 is	 unworked	 and	 remains	 in	 its	 natural	 location	 but	 is	 of	 interest	archaeologically	as	it	represents	the	type	of	stone	material	available	to	past	knappers	at	that	location.		
	
Stone	Nodule:	a	single	piece	of	natural	rock	(a	gibber	clast	in	the	case	of	the	study	area)	from	which	artefacts	were	made.	This	is	different	from	quarried	material,	which	is	removed	from	outcrops	by	knapping	in	that	it	is	naturally	a	mobile	piece	of	stone.	Unless	(rarely	in	the	study	area)	some	form	of	natural	exfoliation	due	to	weathering	has	occurred,	a	stone	nodule	 will	 have	 a	 fully	 encasing	 outer	 cortical	 surface	 before	 it	 is	 knapped.		
Manuport:	an	unworked	natural	stone	that	has	been	moved	from	its	natural	 location	by	human	intervention.	In	the	case	of	the	study	area	this	refers	to	an	unworked	gibber	clast	located	at	sand	dune	site.			
Conjoining	Artefacts:	Two	or	more	artefacts	that	refit.	A	refit	is	the	joining	together	of	the	dorsal	and	ventral	surfaces	of	artefacts	(in	the	case	of	flakes)	or	of	the	ventral	surfaces	of	flakes	with	 flake	scars	on	a	core.	This	 indicates	 that	 these	artefacts	were	made	 from	the	same	stone	nodule.	 		
	
Refitted	Nodule:	Refitted	artefacts	from	a	single	nodule.	Enough	artefacts	must	be	refitted	so	as	the	characteristics	of	the	original	nodule	can	be	established	and	measured.		 	
	
Analytical	Nodule	(AN):	a	stone	nodule	that	has	not	been	fully	observed	through	refitting	but	 is	 inferred	 based	 on	 artefact	 attributes	 such	 as	 similar	 raw	 material	 or	 cortex	characteristics.	This	designation	is	a	way	to	group	artefacts	that	likely	were	made	from	the	same	stone	nodule.	This	is	somewhat	a	subjective	category	so	is	most	useful	for	assisting	refitting	by	grouping	artefacts	most	likely	to	conjoin.	In	the	case	of	unsuccessful	refitting	due	to	reasons	such	as	the	absence	of	key	pieces	which	would	link	refit	sequences,	it	allows	
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a	basic	interpretation.				
Minimum	 Analytical	 Nodules	 (MANs):	 The	 minimum	 number	 of	 possible	 nodules	represented	 by	 an	 assemblage	 of	 stone	 artefacts.	 This	 is	 determined	 primarily	 by	 raw	material	but	also	by	refitting	analysis	where	it	may	be	determined	that	artefacts	could	not	be	from	the	same	nodule.	The	number	of	whole	cores	present	can	also	give	an	indication	of	the	minimum	number	of	nodules.		 		
Refit	Sequence:	a	collection	of	one	or	more	conjoining	artefacts.	A	completely	refitted	stone	nodule	will	have	 just	one	 refitted	sequence.	Analytical	nodules	however	may	have	more	than	one	refit	sequence	as	missing	artefacts	may	prevent	the	joining	together	of	different	refit	sequences.	This	designation	also	is	important	where	one	or	more	artefacts	is	produced	through	 core	 reduction	 and	 then	 subsequently	 retouched	 producing	 an	 additional	 refit	sequence	that	is	embedded	within	the	core	reduction	sequence.		 		
Associated	Artefact:	An	artefact	that	is	found	at	a	knapping	location,	but	does	not	appear	to	be	part	of	 any	particular	 analytical	nodule.	This	will	 be	most	 clear	 if	 there	 is	 a	 single	artefact	of	a	different	raw	material	at	a	knapping	location	however	is	also	the	case	if	a	nodule	can	be	largely	refitted	making	it	clear	that	remaining	artefacts	are	not	a	part	of	that	nodule.			
Individual	Knapping	Event:	 the	artefacts	made	within	a	single	knapping	session	at	one	location	by	an	individual	knapper.		This	may	involve	knapping	more	than	one	stone	nodule	if	the	location	of	the	knapper	remains	the	same	throughout	the	process.			
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Flake	Classification	and	Measurement	
	
	Figure	142:	Flake	Measurements		
	Figure	143:	Classification	of	flake	fragments	(from	(Clarkson	and	O'Connor	2006))										
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Measurement	of	Cores	Cores	are	orientated	with	the	last	flaking	platform	used	orientated	up	and	horizontal	during	measurement.			
	Figure	144:	Measurement	of	Cores		
	
Measurement	of	Hammerstones	
	Figure	145:	Classification	of	hammerstone	shape	
	
	Figure	146:	Measurement	of	hammerstones	
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Appendix	3:	Building	a	3D	Laser	Scanner		The	following	lists	the	components,	construction	and	method	of	use	for	the	custom	built	3D	laser	scanner	developed	for	this	project	that	was	used	to	scan	missing	artefacts	from	refitted	nodules.	This	scanner	was	built	and	used	in	2009,	a	time	in	which	commercial	laser	scanning	technology	was	prohibitively	expensive	for	this	project	which	required	exclusive	access	in	a	fieldwork	location.			
Construction	and	Components		The	components	of	the	scanner	setup	were	as	follows:	a	line	laser	mounted	on	a	tripod,	a	right	angled	wooden	calibration	backboard,	camera,	rotating	stage	with	degree	annotations	and	 the	 scanner	 software	 (Figure	 147).	 The	 software:	 DAVID	 3D	 Scanner	 professional	edition	 (http://www.david-laserscanner.com)	 is	 the	 foundation	 of	 the	 scanner	 and	specifically	designed	to	work	with	custom	built	setups.			
	Figure	147:	The	3D	laser	scanner			The	accuracy	and	resolution	of	a	scanner	is	dependent	on	the	type	of	laser	used	and	camera	quality.	 The	 ability	 to	 focus	 both	 the	 camera	 and	 the	 laser	 at	 different	 distances	 greatly	improves	the	result	and	allows	flexibility	in	the	size	of	objects	that	can	be	scanned.	A	green,	line	 laser	 was	 used,	 rather	 than	 a	 more	 common	 red	 laser	 as	 it	 allows	 a	 much	 higher	
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resolution	scan	due	to	the	narrower	light	wavelength.	A	test	of	the	accuracy	of	the	objects	scanned	was	done	by	comparing	measurements	made	from	a	3D	model		to	measurements	made	with	digital	callipers.	The	accuracy	was	found	to	be	+/-	1mm.	While	the	accuracy	is	slightly	less	than	that	of	a	commercial	setup,	it	is	sufficient	for	the	purposes	of	this	project,	where	the	main	goal	is	take	measurement	of	artefacts.	Human	use	variability	produced	from	manually	measuring	artefacts	with	digital	callipers	is	likely	to	create	similar,	if	not	greater,	levels	of	error.	The	specific	components	used	are	listed	in	Table	69.			 Table	69:	Components	and	specifications	of	the	constructed	3D	laser	scanner	
Component	 Brand/Model	 Specifications	
Software	 DAVID	3D	Scanner	
Professional	Edition	
2.0	
	
Camera	 Agent	V5	HD	Colour	
Webcam	
1920	x	1080	video	
quality,	5MP	video	
resolution,	glass	lens	
Laser	 Picotronic	 Green	line	laser	90o,	
532nm,	5mW,	Class	1	
adjustable	focus	
Calibration	
Background	
Built	by	hand	from	
plywood	
Right	angled	plywood	
with	calibration	
pattern	painted	on	it.	
Black	background	with	
white	calibration	
markers	
Rotating	Stage	 Built	by	hand	from	lazy	
susan	bearing	with	a	
stage	made	of	a	
grinding	disk.		
Painted	black	with	360	
degree	protractor	
notations	
Laser	Stand	 Generic	Adjustable	
Camera	tripod	
	
	
	
The	DAVID	3D	Scanner	Software:	How	it	Works	and	Scanning	Procedure	Used	A	3D	model	of	an	object	 is	created	by	 laser	scanning	 through	a	simple	calculation	of	 the	distance	of	each	part	of	the	object	scanned	from	the	camera.	This	is	calculated	by	the	DAVID	laser	scanner	software	firstly	by	calibrating	the	camera	distance	from	the	backboard	as	the	initial	step	of	the	process.	Secondly	the	object	is	scanned,	by	observing	the	way	that	the	laser	
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line	is	distorted	from	the	perspective	of	the	camera	as	it	is	passed	over	the	object	(see	Figure	148).			
	Figure	148:	How	laser	scanning	models	3D	objects	by	observing	line	distortion	created	by	the	object	in	the	laser.			The	steps	used	to	scan	an	object	using	the	setup	developed	for	this	project	are	as	follows:		 1. Calibrate	the	software	by	scanning	the	background	first	without	the	object.	2. Place	object	in	front	of	background.	With	smooth	vertical	movement	move	the	green	line	 laser	 over	 the	 object.	 While	 this	 is	 occurring	 the	 3d	 scan	 is	 visible	 on	 the	computer	so	if	there	are	missing	areas	these	can	be	filled	in.	3. Take	a	colour	photo	for	rending	4. Rotate	the	object	if	necessary	to	collect	scans	of	all	sides.	5. Fuse	together	the	different	sides	of	the	object	in	the	software.		There	are	two	choices	in	the	DAVID	3D	software,	to	fuse	different	scans	(of	different	views)	into	a	single	3D	model:	1)	the	use	of	markers	that	are	present	in	each	scan	viewpoint	or2)	information	 about	 the	 rotation	 angle	 of	 the	 object.	 This	 second	 option	 is	 superior	 as	 it	prevents	the	need	to	stick	markers	on	the	object	which	would	be	visible	in	the	final	scan.	Thus	 a	 rotating	 stage	was	 developed	which	 incorporates	 compass	 notations	 so	 that	 the	exact	rotation	angle	used	between	views	was	known	in	order	to	input	into	the	software	for	automated	fusing.		Other	aspects	that	were	found	to	improve	the	results	of	the	scan	were:	
• Controlling	 room	 lighting.	 During	 scanning,	 only	 a	 single	 desk	 lamp	 was	 used,	directed	way	from	the	object	with	window	light	blocked.		
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• Using	a	high	angle	to	the	laser	when	scanning.	If	the	angle	became	too	low,	then	the	software	would	not	collect	data.	A	high	angle	creates	a	more	pronounced	distortion	of	the	laser	line	over	the	object	and	thus	allows	more	accurate	scans	to	be	created.	
• Passing	 the	 laser	 smoothly	 over	 the	 object	 improved	 the	 results	 and	 reduced	‘graininess’.	While	scanning	could	be	done	by	hand,	the	results	were	improved	by	mounting	the	laser	on	a	tripod	that	was	slowly	tilted	by	raising	one	of	the	legs	and	allowing	the	tripod	to	balance	on	the	remaining	two	legs.			This	has	described	the	use	of	the	scanner	to	produce	a	3D	model	of	a	physical	object	such	as	a	stone	artefact.	For	this	project	it	was	used	to	scan	‘missing’	artefacts	from	voids	within	refitted	 knapping	 floor	 nodules.	 The	modified	 scanning	 procedure	 developed	 for	 this	 is	described	in	Chapter	4.				 	
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Appendix	4:	Supplementary	Information	for	Chapter	4		 Table	70:	Fieldwork	methods	used	for	each	site	sampled/collected	
Site	number	 Context	 Site	type	 Collection/Recording	method	
ODX_05805	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_05815	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_05822	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_05827	 Gibber	 Single	KF	 Single	square	pickup	
ODX_05828	 Gibber	 Single	KF	 Single	square	pickup	
ODX_05834	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_05857	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_05859	 Gibber	 Single	KF	 Single	square	pickup	
ODX_05894	 Dune	 Artefact	scatter	 Gridded	
ODX_05898	 Dune	 Artefact	scatter	 Gridded	
ODX_05905	 Gibber	 Single	KF	 Single	square	pickup	
ODX_05918	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_05930	 Dune	 Single	KF	 Gridded	
ODX_O5932	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_05951	 Dune	 Artefact	scatter	 Gridded	
ODX_05964	 Dune	 Artefact	scatter	 1	point	piece	plotted	
ODX_05982	 Dune	 Artefact	scatter	 1	point	piece	plotted	
ODX_06900	 Dune	 Artefact	scatter	 Gridded	
ODX_06930	 Gibber	 Single	KF	 Single	square	pickup	
ODX_06931	 Gibber	 Single	KF	 Single	square	pickup	
ODX_06932	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_06968	 Gibber	 Single	KF	 Single	square	pickup	
ODX_06979	 Gibber	 Single	KF	 Single	square	pickup	
ODX_06981	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_06998	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_11728	 Gibber	 Single	KF	 Single	square	pickup	
ODX_11729	 Gibber	 Single	KF	 Single	square	pickup	
ODX_11731	 Gibber	 Single	KF	 Single	square	pickup	
ODX_11734	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_11735	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_11738	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_11775	 Gibber	 Single	KF	 Single	square	pickup	
ODX_11778	 Gibber	 Single	KF	 Single	square	pickup	
ODX_11782	 Gibber	 Single	KF	 7	point	piece	plotted	
ODX_12202	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_12203	 Dune	 Single	KF	 Gridded	
ODX_12525	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_12526	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_13014	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_13019	 Gibber	 Single	KF	 Single	square	pickup	
ODX_13020	 Gibber	 Single	KF	 Single	square	pickup	
ODX_13021	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_13392	 Gibber	 Single	KF	 7	point	piece	plotted	
ODX_13393	 Gibber	 Single	KF	 Single	square	pickup	
ODX_13394	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_13396	 Gibber	 Single	KF	 7	point	piece	plotted	
ODX_13397	 Gibber	 Single	KF	 Single	square	pickup	
ODX_13398	 Gibber	 Single	KF	 Single	square	pickup	
ODX_13399	 Gibber	 Single	KF	 1	point	piece	plotted	
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Site	number	 Context	 Site	type	 Collection/Recording	method	
ODX_13478	 Gibber	 Single	KF	 7	point	piece	plotted	
ODX_13479	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_13480	 Gibber	 Single	KF	 Single	square	pickup	
ODX_13481	 Gibber	 Single	KF	 Single	square	pickup	
ODX_15546	 Dune	 Artefact	scatter	 Gridded	
ODX_15556	 Gibber	 Single	KF	 7	point	piece	plotted	
ODX_15745	 Gibber	 Single	KF	 1	point	piece	plotted	
ODX_15750	 Gibber	 Single	KF	 1	point	piece	plotted		
	
Methods	of	Statistical	Analysis	
The	following	describes	the	different	techniques	of	statistical	analysis	used	throughout	this	thesis.	For	this	research,	the	software	package	SPSS	Statistics	was	used.		
Mean	The	mean	(m)	is	the	mathematical	average	value	for	a	group.	It	is	calculated	by	the	sum	of	all	values	divided	by	the	number	of	values.	It	represents	the	central	tenancy	of	the	group.		
Median	The	median	 is	middle	 value	 of	 a	 group.	Unlike	mean	which	 is	 a	 theoretical	 average,	 the	median	is	the	actual	value	most	central	to	the	distribution	of	values	within	that	group.	
Standard	Deviation	 	Standard	deviation	(sd)	is	a	measure	of	variance	of	values	in	a	group	compared	to	the	mean.	This	refers	to	how	spread	out	the	overall	dataset	is	from	its	mean.	For	most	analysis	in	this	thesis	sd	refers	to	one	standard	deviation	which	represents	65%	of	the	data.	Where	two	standard	deviations	 are	used	 (to	provide	 a	 stricter	 test	 of	 variance	 from	 the	mean)	 this	represents	95%	of	the	data.		
Co-efficient	of	Variation	 	The	co-efficient	of	variation	(CV)	measures	the	degree	of	variance	of	a	dataset	to	its	mean.	It	 is	 calculated	 by	 dividing	 one	 standard	 deviation	 by	 the	 mean	 and	 expressed	 as	 a	percentage	(*100).	A	smaller	CV	indicates	a	lower	degree	of	variation	and	a	high	CV	a	wider	degree	of	variability.		 			
Levene's	Test	Many	of	the	subsequent	statistical	tests	that	analyse	the	degree	of	difference	between	two	or	more	groups,	have	an	assumption	of	homogeneity	of	variances.	This	means	they	must	have	a	similar	spread	of	data	from	its	mean.	Levene’s	Test	is	a	statistical	analysis	of	this	characteristic	(Levene	1960).	This	tests	the	null	hypothesis	that	variances	between	the	group	are	equal	and	provides	a	probability	statistic	(p)	which	is	used	to	assess	the	result.		
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A	p-value	is	<0.05	indicates	there	are	unequal	variances.	If	the	p-value	is	>0.05	there	is	homogeneity	of	variances.	These	values	were	calculated	in	SPSS	as	part	of	other	statistical	tests	such	as	ANOVA	and	T-Tests.	
	
Independent	T-Test	 	This	test	was	used	to	compare	one	variable	between	two	samples	to	determine	the	probability	that	there	is	a	statistically	significant	difference	in	their	means	(Drennan	2010).	In	order	to	use	the	test,	the	two	datasets	must	be	approximately	normally	distributed	and	have	a	minimum	sample	size	of	6	per	group	(Lund	Research	Ltd.	2013).	Where	the	data	was	not	normally	distributed,	it	was	transformed	using	log10	so	that	it	met	this	requirement.	The	datasets	must	also	have	homogeneity	of	variances	which	was	assessed	using	the	Levene’s	Test	previously	described.	The	t-statistic	produced	by	this	test	indicates	the	difference	between	the	groups.	The	p-value	is	the	statistical	reliability	of	this	difference	with	values	<0.05	showing	that	there	is	a	95%	probability	that	the	samples	do	not	come	from	the	same	population	and	are	therefore	considered	significant.	
	
ANOVA	Like	the	T-test,	ANOVA	looks	for	statistical	difference	 in	groups	of	data	to	determine	the	probability	that	they	are	derived	from	either	the	same	population	or	different	populations	with	the	same	mean.	This	test	was	used	when	there	were	three	or	more	groups	to	compare,	as	well	as	when	there	were	only	two	samples	but	multiple	variables	of	comparison.	In	this	second	 situation,	ANOVA	provides	 a	more	 reliable	measure	of	 statistical	 difference	 than	repeating	multiple	t-tests	on	the	samples	as	this	accumulates	the	potential	for	type	1	error	which	is	estimated	to	be	as	much	as	5%	(Lund	Research	Ltd.	2013).		The	test	requires	that	the	data	is	approximately	normally	distributed.	If	this	was	not	the	case	for	the	data	in	this	thesis,	this	was	corrected	using	log10	transformation.		Levene’s	test	of	homogeneity	of	variances	was	also	conducted	as	part	of	the	analysis.	Where	there	was	homogeneity	of	variances,	the	F-value	was	used	along	with	the	p-statistic	of	significance	to	assess	the	differences	between	the	groups.		The	F-value	is	a	ratio	of	the	variation	between	sample	means	/	variation	within	the	samples.			Where	the	assumption	of	homogeneity	of	variances	was	not	met	then	Welch’s	F	value	was	used	which	provides	a	reliable	adjustment	to	the	F	value	and	residual	degrees	of	freedom	to	account	for	the	difference	in	sample	variances	(Welch	1951).			
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The	p	and	F	values	produced	by	ANOVA	provides	an	indication	of	overall	difference	between	the	groups	compared.	If	it	was	unclear	how	individual	groups	contributed	to	this	difference	and	if	in	fact	two	or	more	groups	were	not	statically	different	from	each	other	within	the	larger	sample,	post	hoc	testing	was	used.		For	this	research	the	Games	Howell	method	was	used	which	compares	the	difference	between	each	group	as	a	pair	producing	a	p-value	of	significance	(Maxwell	1980).	
	
Chi	Squared	and	Fisher’s	Exact	Tests	 	Both	the	Chi	Squared	tests	and	Fisher’s	Exact	tests	were	used	to	compare	the	distribution	of	 different	 categories	 in	 two	 or	 more	 groups	 in	 contingency	 tables	 and	 to	 look	 for	associations	 between	 variables.	 Both	 methods	 can	 be	 used	 to	 highlight	 if	 there	 are	statistically	 significant	 differences	 in	 the	 proportion	 of	 variables	 from	 the	 average.	Difference	 in	 sample	 sizes	 are	 taken	 into	account	 so	 that	 a	 statistically	 significant	 result	indicates	the	patterns	are	not	merely	the	result	of	sampling	(Lancaster	and	Seneta	1969).	For	the	Chi	Squared	test	it	is	a	requirement	that	the	sample	size	of	the	individual	categories	produces	an	expected	count	of	at	least	5.	Where	this	was	not	the	case	then	the	sample	size	of	categories	was	increased	by	combining	categories	where	such	combination	of	categories	would	still	result	in	a	meaningful	comparison	for	the	research	question.	The	result	of	this	test	is	a	X2	statistic	that	is	calculated	as	a	square	and	sum	of	the	deviation	of	the	observed	values	 from	 the	 expected	 values.	 A	 p-statistic	 is	 also	 produced	 which	 indicates	 the	probability	that	the	observed	pattern	is	not	merely	the	result	of	sampling	(Lund	Research	Ltd.	2013).	Fisher’s	exact	test	was	used	for	2	x	2	contingency	tables	where	the	sample	size	did	not	meet	the	Chi	Squared	requirements,	as	it	works	for	all	sample	sizes.	This	method	provides	a	p-value	of	the	probability	that	there	is	an	association	between	the	two	variables	that	is	not	the	result	of	sampling	(Lund	Research	Ltd.	2013).		
Linear	Regression	Analysis	 	This	test	looks	for	linear	directional	distribution	trends	in	the	association	and	dependence	of	two	continuous	variables.	A	requirement	of	this	test	is	that	the	data	is	normally	distributed.	If	this	is	not	the	case,	one	option	used	is	to	transform	the	data	by	log10	which	may	then	produce	this	necessary	pattern.	Thus,	it	was	chosen	for	data	where	there	was	a	simple	question	of	the	association	of	two	variables	which	either	naturally	conformed,	or	could	be	transformed	to	have	a	normal	distribution.	The	test	plots	the	data	points	with	the	two	variables	expressed	as	x	and	y	coordinates	and	calculates	a	line	of	best	fit	which	is	the	linear	average	of	the	data.	It	produces	a	Pearson’s	r-statistic	which	indicates	the	strength	
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of	association	(values	closer	to	1	or	-1	being	stronger)	as	well	as	direction	of	distribution	as	either	negative	or	positive.	The	r2	statistic	from	this	test	indicates	the	proportion	of	variance	in	the	dependent	variable	that	can	be	explained	by	the	independent	variable	(Lund	Research	Ltd.	2013).	The	p-value	denotes	the	statistical	significance	of	the	observed	trends	and	the	y	equation	expresses	the	line	of	best	fit. 
	
Spearman’s	Rank	Correlation	 	Spearman’s	rank	correlation	is	a	test	of	association	between	two	paired	variables.	Unlike	linear	regression	analysis,	this	test	is	nonparametric	so	can	be	used	where	the	data	is	not	normally	distributed.	While	the	statistical	results	compare	only	two	variables	at	a	time,	an	unlimited	number	of	variables	in	paired	combinations	can	be	tested	in	a	single	procedure.		Therefore,	this	method	was	chosen	for	research	application	where	the	data	was	not	normally	distributed	as	well	as	when	the	association	of	large	numbers	of	variables	was	required.		Spearman’s	rank	correlation	provides	a	p-statistic	of	probability	of	association	(<0.05	indicating	statistically	significant)	and	a	strength	and	direction	of	association	given	as	a	rs	value.	A	rs	value	that	is	positive	indicates	that	as	the	y	(dependent)	variable	increases	so	does	the	x	(independent)	variable.	A	negative	rs	value	indicates	a	decreasing	monotonic	trend	between	the	X	and	Y	variables.	The	close	the	value	of	rs	is	to	1	or	-1,	the	stronger	the	association.			
Multiple Regression Analysis 
Multiple regression analysis tests the dependence of one continuous variable to multiple 
independent values. It provides a more complete model of the role of multiple factors 
where several variables may be at play. Similar to two variable linear regression 
analysis Pearson’s r and r2 statistics are produced. The datasets are also required to have 
a normal distribution either naturally or by transformation (which was done using 
log10). The statistical significance of the model is tested within the multiple regression 
analysis using ANOVA. The result is a F-value (ratio	of	the	variation	between	sample	means	/	variation	within	the	samples)	and	p-value	of	significance	(p=	<0.05	are	considered	significant).	 	The	Pearson’s	correlation	matrix	which	is	produced	by	SPSS	during	this	analysis	was	also	used	to	determine	the	contribution	of	individual	variables	to	the	patterns	observed.	This	provides	a	Pearson’s	correlation	statistic	and	a	significance	p-variable	for	the	combination	of	each	possible	variable.	This	shows	which	variables	have	a	statistically	significant	
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contribution	to	the	overall	pattern	observed	as	well	as	the	strength	of	association	(values	closer	to	1	or	-1	being	most	strong)	and	direction	of	association	(positive	or	negative	in	relation	to	the	other	variable)	(Lund	Research	Ltd.	2013).	This	type	of	analysis	was	specifically	used	in	Chapter	5	to	examine	the	ability	of	a	combination	of	environmental	factors	and	artefact	characteristics	to	predict	artefact	movement	and	therefore	knapping	floor	site	stability. 
	
Method	Developed	to	Record	Refitted	Stone	Nodules	for	Analysis	
The	following	method	was	developed	to	record	the	knapping	strategies	used	from	refitted	stone	 nodules.	 This	 recording	method	 allows	 the	 sequence	 of	 artefacts	 and	 their	 three-dimensional	relationship	to	the	core	to	be	recorded.	A	benefit	of	this	approach	is	that	it	is	highly	 compatible	with	 a	 relational	 database	which	was	used	 throughout	 this	 project	 to	store	measurements	made	of	artefacts,	and	site	attributes.	This	allows	future	analysis	when	there	 is	 no	 access	 to	 the	 refitted	 nodule	 and	 for	 quantitative	 analysis	 that	 incorporates	artefact	attribute	measures	along	with	details	of	the	core	reduction	process.			To	 record	 the	 refitted	 knapping	 sequence,	 the	 refitted	 nodule	 was	 held	 in	 the	 hand	orientated	so	that	the	striking	platform	of	the	first	flake	removed	was	at	900x.	With	each	flake	in	sequence	the	nodule	was	rotated	so	that	the	flake	being	removed	was	at	this	900	position.	The	amount	of	rotation	on	an	x	and	y	and	z	axis	was	recorded.	Where	there	may	be	 more	 than	 one	 way	 to	 rotate	 the	 refitted	 nodule	 to	 the	 next	 position	 the	 minimum	amount	of	movement	was	used	for	consistency.	The	minimum	amount	of	movement	always	involved	only	one	or	two	of	the	three	possible	axes.	All	rotations	were	recorded	as	positive.	Thus	if	the	minimum	amount	of	rotation	was	to	move	the	nodule	90	degrees	anticlockwise	along	the	y	axis,	it	was	recorded	as	2700y.			Rotation	was	measured	using	a	3600	compass	and	there	was	some	degree	of	estimation.	Thus,	due	to	the	inherent	error	rotations	were	recorded	only	if	they	were	greater	than	300	along	any	axis.	Measuring	core	rotation	in	this	way	does	so	from	the	perspective	of	a	right-handed	knapper	and	provides	a	perspective	of	going	through	the	knapping	process	while	analysing	the	nodule.	It	is	also	easily	accomplished	without	any	special	equipment	or	props	and	is	largely	intuitive.	If	the	original	knapper	was	left-handed	it	would	not	influence	the	results	negatively	as	the	analysis	is	based	on	the	overall	amount	of	rotation	rather	than	a	specific	directionality.				
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An	example	of	how	this	would	then	be	recorded	as	an	equation	is	presented	below:	56-72-(63x)-84-(233x)-55-81-(270y	 180x)-57+73-(270y	 45x)-58-64-(45x)-63-59-MFs-66-61-62-MF-65(core)		The	numbers	in	brackets	represent	the	degree	of	rotation	along	a	given	axis.	If	only	one	axis	is	given,	then	there	was	no	rotation	along	any	other	axis.	MF	refers	to	missing	flake.	MFs	refers	 to	where	 there	 appears	 to	more	 than	 one	missing	 flake.	 The	 “-“	 dash	 sign	which	connects	two	artefacts	indicates	that	they	conjoin.	A	plus	(+)	symbol	indicates	that	artefacts	conjoin	but	they	are	part	of	the	same	flake	which	was	broken.	If	the	final	artefact	number	has	(core)	written	after	it	then	this	artefact	is	the	core.	
	
	
A	Compactness	Index	for	Nodule	Shape	Measurement	and	Comparison	
In	Chapter	6	refitted	stone	nodules	were	measured	to	understand	procurement	preferences	in	raw	material	selection	and	to	analyse	the	potential	that	nodule	morphology	influenced	the	knapping	strategies	used.	Part	of	this	analysis	and	quantification	of	nodule	morphology	used	a	compactness	 index	developed	by	Clarkson	(2013).	This	 index	 is	calculated	by	the	nodule	surface	area/volume	and	provides	a	means	to	calculate	the	flatness	of	a	3d	shape.	For	this	calculation	the	rectangular	prism	model	was	used	to	calculate	surface	area	(SA	=	2ab+2bc+2ac).	 Nodule	 volume	 was	 estimated	 using	 its	 mass	 divided	 by	 the	 density	 of	quartzite	 (2.66g/cm3	 as	 per	 Smithson	 1971).	 This	 index	 does	 not	 provide	 an	 accurate	measurement	of	nodule	morphology	for	individual	measurement	however	it	is	accurate	for	highlighting	relative	difference	between	specimens	(Clarkson	2013).	It	is	therefore	ideal	for	this	 analysis	 which	 compared	 the	 relative	 nodule	 shape	 used	 by	 different	 knapping	strategies.	The	results	are	provided	in	Chapter	6.		
	
Core	Shape	Index		A	core	shape	index	forms	part	of	the	analysis	in	Chapter	6	to	study	the	point	of	abandonment	and	 the	degree	 of	 raw	material	 conservation	 that	 occurred	by	measuring	 the	 remaining	potential	for	knapping	in	the	remaining	cores.	This	index	was	devised	by	Hiscock	(2006b)	to	 enable	 comparison	 of	 core	 morphology	 separate	 to	 this	 is	 simply	 calculated	 by	 the	division	of	the	core	flaking	platform	area	(which	was	measured	as	top	width	x	thickness)	by	the	core	base	area	(measured	as	base	width	x	thickness).	Values	that	are	below	1	indicate	that	 a	 core	 has	 a	 protruding	 base	which	 is	 an	 unwanted	 characteristic	 that	 impacts	 the	ability	to	control	the	shape	and	size	of	subsequent	flakes	(Hiscock	2006b).	Cores	with	this	feature	may	have	therefore	been	abandoned	due	to	this	flaw.	
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The	Cortex	Area	Analysis	Method	and	Calculations	Used	The	 following	 describes	 the	 cortex	 area	 analysis	method	 used	which	 is	 an	 adaption	 off	Dibble	et	al.	(2005)	and	Douglass	et	al.	(2008).	The	method	firstly	requires	the	estimation	of	the	surface	area	of	a	theoretical	mean	nodule.	This	is	the	average	stone	nodule	used	to	produce	the	stone	artefacts	in	the	analysed	assemblage	considered	as	a	perfect	geometric	solid	(sphere,	cube	or	cylinder).	In	the	simulated	experiments	by	Dibble	et	al.	(2005),	nodule	volume	was	a	known	value	whereas	in	an	archaeological	context	an	estimate	must	be	made.	Following	the	method	used	by	Douglass	et	al.	(2008)	theoretical	mean	nodule	volume	(Vt)	is	calculated	for	each	assemblage	as	the	assemblage	volume/core	frequency.			A	 key	 value	 used	 throughout	 this	 analysis	 is	 the	 average	 density	 of	 quartzite	 which	 is	2.66g/cm2	(SD=0.03g)	(Smithson	1971).	This	value	was	used	to	calculate	the	volume	of	the	archaeological	assemblages	using	artefact	mass.	Following	Douglass	et	al.	(2008)	and	after	a	consideration	of	the	general	morphology	of	the	quartzite	gibber	plain	nodules,	a	spherical	model	was	used	to	calculate	theoretical	mean	nodule	surface	area	(St)	using	the	calculation:			 !" = 4π	(3)"/4π),/-		Where	St=	Theoretical	Mean	Nodule	Surface	Area						Vt=Theoretical	Mean	Nodule	Volume	Even	where	 there	 is	 some	 variability	 in	 the	 knapped	 nodules	morphology,	 Dibble	 et	 al.	(2005)	found	the	approach	significantly	robust.		The	next	calculation	required	is	an	estimate	of	the	number	of	nodules	(E)	used	to	produce	an	assemblage.	Dibble	et	al.	 (2005)	and	Douglass	et	al.	 (2008)	 in	 their	application	of	 the	cortex	analysis	method	used	different	techniques	to	estimate	the	number	of	nodules.	Dibble	
et	 al.	 (2005)	 employed	 a	 value	 that	 was	 calculated	 by	 dividing	 the	 total	 mass	 of	 the	assemblage	by	the	mass	of	the	theoretical	nodule.	Conversely	Douglass	et	al.	(2008)	uses	the	 number	 of	 cores	 as	 the	 proxy	 for	 number	 of	 nodules.	 Since	 the	method	 devised	 by	Douglass	et	al.	to	calculate	the	theoretical	mean	nodule	volume	was	used	for	the	study	area	assemblages,	their	use	of	cores	as	a	proxy	is	also	implemented.			From	the	estimated	number	of	nodules	 (E)	 and	 the	surface	area	of	 the	 theoretical	mean	nodule	(St)	a	calculation	of	the	predicted	cortex	surface	area	(Ap)	can	be	made:	Ap		=	St	x	E	
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The	total	cortex	cover	area	 is	 then	calculated	for	the	archaeological	assemblage.	For	this	study	the	individual	artefact	attribute	data	was	used	to	calculate	these	values	which	are	the	sum	total	of	the	cortex	area	on	all	quartzite	artefacts	in	each	assemblage.			For	flakes	and	flake	fragments	this	is	measured	by:		Striking	Platform	(SP)Cortex	Area	+	Dorsal	(D)	Cortex	Area		Where:	SP	Cortex	Area	=	(SP	Width	x	SP	Thickness)	x	(SP	Cortex	Cover	%/100)	D	Cortex	Area	=	(Flake	Maximum	x	Flake	Width)	x	(D	Cortex	Cover	%/100)	Where	a	 flake	fragment	does	not	have	a	striking	platform	only	the	dorsal	cortex	value	 is	used.			For	cores	this	is	measured	using	the	surface	area	calculation	for	an	ellipsoid	and	the	semi-axis	measurements	taken	from	the	cores	of	length,	width	and	thickness.		Surface	Area	of	an	ellipsoid	is:		
!. = 4/ 0121 + 	0141 + 21413 51		Where	a	=length/2	,	b=width/2,	c=	thickness/2		and	p=1.6075	Core	cortex	area	=	Core	SA	x	(Overall	Cortex	Cover	%/100)	The	cortex	area	values	for	all	artefacts	in	an	assemblage	are	combined	to	provide	the	Actual	Cortex	Area	value	(Aa).	The	basis	of	the	a	cortex	area	ratio	is	then	calculated	by	the	division	of	the	observed	cortex	value	by	the	predicted	cortex	value	Ap		for	a	given	assemblage.		
	
Normalised	Density	Calculations	for	Hotspot	Analysis	
The	following	describes	the	calculation	of	a	normalised	artefact	density	for	concentrations	(hotspots)	within	the	experimental	knapping	features	in	Chapter	5.	This	is	a	component	of	the	 intra-site	 spatial	 analysis	 of	 the	 results	 of	 the	 experimental	 knapping	 to	 model	characteristics	that	can	be	associated	with	knapper	stance/handedness.	This	method	was	developed	as	comparing	raw	density	values	of	knapping	features	would	not	have	provided	a	reliable	value	for	comparison,	as	it	is	impacted	by	the	number	of	artefacts	in	a	site	which	varied.	Therefore,	a	normalised	density	value	was	calculated.		This	calculation	is:		
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67 = 	 (50	×	;). 	Where:	Dn	=	normalised	density	 	A	=	Area	of	cluster	 	p=	percentage	of	total	assemblage	in	concentration	
	Note	that	this	calculation	is	possible	as	it	was	modelled	during	the	knapping	experiments	that	 the	 structure	 of	 knapping	 floors	 is	 consistent	 regardless	 of	 the	number	 of	 artefacts	produced.	The	area	of	the	scatter	and	the	area	of	the	main	concentration	(the	dense	area	that	 formed	 in	 front	 of	 the	 knapper)	 remained	 the	 same	 throughout	 knapping	 in	 the	experiments,	with	only	 the	density	of	 the	scatter	 increasing	with	 further	knapping.	Thus	this	calculation	‘normalises’	the	density	value	to	reflect	what	would	be	the	density	of	the	main	concentration	had	50	artefacts	been	produced.			
3D	Scanning	and	Modelling	of	Missing	Artefacts	and	their	Measurement		The	technique	developed	to	model	the	missing	artefacts	is	entirely	new	and	would	work	for	both	flakes	and	cores.	Note	that	in	order	for	a	refitted	nodule	to	remain	sufficiently	intact	during	the	scanning	process	it	is	necessary	to	secure	the	artefacts	with	a	sufficiently	strong	adhesive.	The	stone	nodules	and	artefacts	analysed	for	this	project	were	particularly	large	and	heavy	and	various	different	products	were	attempted	with	many	failures.	Various	glue	products	were	tried	however	the	drying	time	of	these	was	too	long,	and	their	removal	often	difficult	and	potentially	damaging.	Blue-tack	or	similar	also	was	not	strong	enough	and	was	too	bulky	to	obtain	a	close	join	necessary	for	accurate	3D	scanning	results.	Success	however	was	 found	with	 a	 product	 called	 ‘Sellotape	 Sticky	Dots	 (permanent)’	which	provided	 an	extremely	thin,	strong	tape	that	secured	refits	and	was	easily	peeled	off	afterwards.	 		In	this	study	only	missing	flakes	were	modelled,	as	these	were	the	only	missing	artefacts	present	in	sufficiently	complete	nodules.	For	future	reference	however,	if	the	technique	is	to	be	used	to	model	a	core,	it	may	be	necessary	to	scan	more	than	two	surfaces	to	ensure	full	coverage.	The	procedure	used	involved	examining	the	refitted	nodule	and	identifying	the	point	at	which	the	missing	artefact	was	removed	from	the	core.	The	nodule	was	then	separated	into	two	pieces	(two	refitted	sequences)	each	containing	a	negative	imprint	of	the	missing	artefact.	One	side	contained	the	ventral	surface	and	the	other	the	dorsal	surface.	Where	a	missing	flake	was	visible	from	the	outside	of	the	refitted	nodule	(usually	if	it	had	cortex)	a	thin,	tight	stretchy	fabric	was	wrapped	around	the	entire	refitted	nodule	and	that	missing	section	scanned.	The	 fabric	ensured	 that	 the	 fabric	 surface	created	 followed	 the	same	curvature	as	the	rest	of	the	nodule	ensuring	that	a	reasonable	estimation	these	parts	
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of	the	artefacts	were	made.	 			To	create	a	model	of	the	missing	artefacts	a	minimum	of	three	points	of	similarity	between	scans	were	used	to	join	together	the	artefacts.	This	required	more	than	just	the	negative	flake	scars	to	be	scanned	but	areas	around	it,	which	were	later	removed	once	the	scans	were	joined.	Once	joined,	the	scans	of	the	reverse	flake	scar	surfaces	were	then	inverted	(but	not	any	 cortical	 surfaces).	 The	 scans	were	 then	 fused	 so	 that	 they	were	 a	 single	mesh	 (obj.	format)	file	that	could	be	exported	into	other	3D	software	for	analysis.			The	DAVID	3D	Laser	Scanner	software	had	inbuilt	features	to	measure	the	length	of	objects.	Thus	this	software	was	used	for	artefact	length,	width	and	platform	width	and	thickness.	The	file	was	then	exported	into	GIMP	freeware	software	for	further	analysis.	This	software	enabled	 the	 measurement	 of	 angles,	 which	 was	 used	 to	 record	 striking	 platform	 angle	(Figure	 149).	 Finally,	 the	 artefact	 model	 was	 imported	 into	 Meshlab,	 another	 freeware	program.	This	program	can	create	horizontal	cross-sectional	image	of	the	object	and	this	was	used	to	accurately	measure	the	artefact	thickness.	Thus	all	the	same	artefact	attributes	could	be	taken	for	the	modelled	missing	artefacts	as	those	physically	present.	While	mass	calculations	were	not	made	for	the	missing	artefacts	in	this	study	as	length	measurements	were	considered	sufficient,	it	would	be	a	relatively	easy	process	to	use	these	kinds	of	digital	models	to	calculate	mass	using	their	volume	and	a	density	value	for	their	rock	type.		
	Figure	149:	Example	of	a	modelled	missing	artefact		showing	measuring	the	striking	platform	angle	in	Gimp	
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Appendix	5:	Supplementary	Information	for	Chapter	5		
Visits	to	the	Taphonomic	Experimental	Sites	Mid-Experiment	
The	experimental	 sites	were	visited	periodically	 throughout	 the	21-month	period	of	 the	experiment.	This	was	to	check	that	 they	had	not	been	disturbed	and	to	make	qualitative	descriptions	 of	 any	 obvious	 environmental	 processes	 occurring	 that	may	 cause	 artefact	displacement.		In	August	2010	only	nine	days	into	the	experiment,	the	area	experienced	a	large	amount	of	rain.	This	caused	water	to	pool	in	the	hard-pan	area	(Figure	150)	and	for	experimental	sites	in	this	area	(Experiments	1,	2	and	7)	to	be	partly	or	fully	submerged	in	water	(Figure	151).			The	other	experimental	sites	that	were	positioned	on	soft	gibber	rather	than	on	the	clay	pan	were	 not	 submerged	 in	 water.	 Another	 process	 observed	 was	 the	 smallest	 artefacts	becoming	 lodged	 in	 the	 cracks	 in	 the	 hard-pan	 surface.	 This	 occurred	 after	 the	 water	evaporated.			Vegetation	growth	during	the	rainy	period	in	2010	caused	obvious	growth	in	the	saltbush	and	bluebush	in	the	gibber.	No	plants	were	observed	growing	on	top	of	the	sites,	although	it	is	likely	that	vegetation	growth	is	an	important	process	in	a	gibber	environment	which	may	cause	artefact	movement.	Kangaroo	tracks	were	observed	both	in	the	gibber	and	the	claypan	 area	 near	 to	 the	 experimental	 sites	 and	 it	 must	 be	 considered	 possible	 that	kangaroos	may	have	contributed	to	artefact	any	movement.		
	Figure	150:	Flooding	of	experiment	hard-pan	clay	area	
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	Figure	151:	Experimental	1	artefacts	underwater	
	
Photographs	at	the	Beginning	and	End	of	Each	Experiment	
	Figure	152:	Experiment	1	beginning	 	Figure	153:	Experiment	1	end	
	Figure	154:	Experiment	2	beginning	
	Figure	155:	Experiment	2	end	
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	Figure	156:	Experiment	3	beginning	 	Figure	157:	Experiment	3	end	
	Figure	158:	Experiment	4	beginning	
	Figure	159:	Experiment	4	end	
	Figure	160:	Experiments	5	and	6	beginning.	These	sites	were	disturbed	by	the	fence	falling	onto	them	so	were	disbanded	before	the	end	of	the	experiment	
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	Figure	161:	Experiment	7	beginning	
	Figure	162:	Experiment	7	end	
	Figure	163:	Experiment	8	beginning	
	Figure	164:	Experiment	8	end		
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Appendix	6:	Map	of	the	Study	Area	with	Collected	Sites	
	
	Figure	165:	Map	of	study	area	with	collected	sites	labelled
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Appendix	7:	Knapping	Floor	Site	Maps	The	following	are	maps	of	each	of	the	piece	plotted	knapping	floors.			
	Figure	166:	Map	of	ODX_05805		
	Figure	167:	Map	of	ODX_05815		
	Figure	168:	Map	of	ODX_05822		 	Figure	169:	Map	of	ODX_05918		
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	Figure	170:	Map	of	ODX_05932	
	Figure	171:	Map	of	ODX_06932	 	Figure	172:	Map	of	ODX_06981	
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	Figure	173:	Map	of	ODX_06998		
	Figure	174:	Map	of	ODX_11734	
	Figure	175:	Map	of	ODX_11735	 	Figure	176:	Map	of	ODX_11738	
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	Figure	177:	Map	of	ODX_11782	
	Figure	178:	Map	of	ODX_12202	
	Figure	179:	Map	of	ODX_12525	
	Figure	180:	Map	of	ODX_12526	
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	Figure	181:	Map	of	ODX_13014	
	Figure	182:	Map	of	ODX_13021	
	Figure	183:	Map	of	ODX_13392	
	Figure	184:	Map	of	ODX_13394	
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	Figure	185:	Map	of	ODX_13396	
	Figure	186:	Map	of	ODX_13399	
	Figure	187:	Map	of	ODX_13478	
	Figure	188:	Map	of	ODX_13479	
	Figure	189:	Map	of	ODX_15556	 	Figure	190:	Map	of	ODX_15745	
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	Figure	191:	Map	of	ODX_15750	
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Appendix	8:	Dune	Site	Maps	and	Fieldwork	Descriptions	
	The	following	are	maps	and	details	of	the	fieldwork	undertaken	at	the	nine	sand	dune	sites	that	made	up	the	study	area	for	this	PhD.	These	site	descriptions	have	been	published	as	part	 of	 the	HEHODAP	 report	 (Sullivan	 and	Hughes	 2014).	While	 I	 have	written	 the	 site	descriptions,	the	maps	of	the	dune	sites,	from	my	data,	were	made	by	Katrina	Sporcic,		who	drew	up	all	the	site	maps	for	the	HEHODAP	report.	Details	of	the	assemblages	obtained	from	these	sites	and	their	analysis	are	provided	in	Chapter	7.			
ODX_05898	 
		
	This	is	a	medium	sized	artefact	scatter	in	a	shallow	deflation	hollow	in	a	dune	crest,	with	three	distinct	knapping	floor	features.		The	two	eastern	knapping	features	were	quartzite	and	the	western	knapping	floor	was	comprised	of	silcrete.	The	site	measures	13m	x	11m	with	 an	 overall	 artefact	 density	 of	 13/m2.	 The	 site	 was	 collected	 using	 a	 1m2grid,	 and	surface	and	subsurface	collection	was	undertaken	to	a	depth	of	100mm.	 		
ODX_05982		
 This	was	a	complex	of	two	knapping	floors	and	a	hearth	located	on	the	wash-eroded	toe	of	the	western	side	of	a	dune	covering	an	area	of	approximately	35m	x	6m.	The	artefacts	were	
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dispersed	down	the	dune	slope	along	shallow	wash	lines.	The	site	was	collected	using	the	piece	plotting	method	as	this	was	most	efficient	as		few	artefacts	were	present.	The	artefacts	were	lying	on	the	eroded	surface	of	the	dune	core.	Because	this	dune	core	was	indurated	there	 was	 little	 likelihood	 of	 any	 subsurface	 artefacts	 being	 present,	 so	 no	 subsurface	excavation	was	undertaken.	 	
			
	
	
ODX_05930		
 This	 was	 a	 small	 artefact	 scatter	 containing	 a	 probable	 quartzite	 knapping	 floor	 in	 a	deflation	hollow	on	the	crest	of	a	sand	dune	on	the	southern	boundary	of	the	study	area.	The	site	was	selected	as	an	example	of	a	small	dune	artefact	site	and	for	comparison	with	the	 gibber	 plain	 knapping	 floors.	 It	 covers	 an	 area	 of	 approximately	 5m	 x	 7mand	 was	salvaged	using	1m	grid	squares	for	both	the	surface	and	subsurface.	The	overall	site	density	was	3	artefacts/m2.	 	
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ODX_12203	 This	site	is	on	a	small	low	dune	and	consists	of	a	probable	quartzite	knapping	floor.	This	site	was	 first	 identified	 in	2008	and	by	 the	 time	 it	was	salvaged	 in	2011,	 it	had	been	almost	completely	buried.	It	was	salvaged	using	the	grid	square	collection	method	over	4m	x	5m	and	subsurface	excavation	to	100mm.	 	
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ODX_05951	 This	was	a	small	dune	site	with	a	possible	diffuse	quartzite	knapping	floor.	The	site	was	on	the	western	 flank	of	 the	dune	and	 covered	an	 area	of	 approximately	4m	x	4	m,	with	 an	average	artefact	density	of	4.46/m2.	It	was	collected	using	1m	grid	squares.	 
  	
	
ODX_05964	 This	 is	a	small	artefact	scatter	 located	on	the	wash-exposed	toe	on	the	western	side	of	a	dune	It	contained	a	small	quartzite	knapping	floor	and	several	silcrete	artefacts.	Because	it	was	a	small	site	with	few	artefacts	it	was	collected	using	the	piece	plotting	method.	The	site	covered	approximately	8m	x	5m	 
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ODX_06900	 This	 was	 a	 small	 artefact	 scatter	 in	 a	 dune	 crest	 deflation	 hollow	 and	was	 selected	 for	salvage	 because	 it	 contained	 two	 knapping	 floors,	 one	 silcrete	 and	 one	 chert,	 and	 three	hammerstones.	
 Both	knapping	floors	were	within	a	small	area	and	were	surface	and	subsurface	collected	in	a	single	1m2	grid	square.	In	addition,	a	sample	of	other	surface	artefacts	was	made	within	a	surrounding	 square	 in	 the	 blowout,	measuring	 15m2.	 Fourteen	 artefacts	were	 collected	from	the	single	1m2	grid	and	15	from	the	larger	15m2grid,	demonstrating	a	high	degree	of	difference	in	artefact	density	between	the	two	areas.	 
 
 
 
	
ODX_05894	 This	small	site	 in	a	broad	shallow	deflation	hollow	on	the	crest	of	a	dune	contained	two	knapping	floors,	one	quartzite	and	one	quartz,	covering	an	area	of	approximately	35m2.	The	site	was	selected	for	salvage	particularly	due	to	the	presence	of	the	quartzite	knapping	floor	as	 an	 interesting	 comparison	with	 the	 gibber	 plain	 knapping	 floors.	 A	 1m	 interval	 grid	covering	35m2	was	placed	over	the	area	containing	the	two	knapping	features.	Only	squares	directly	within	the	knapping	feature	area	were	subsurface	collected	and	little	was	found	in	that	layer,	indicating	that	most	of	the	artefacts	were	on	the	dune	surface.			
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ODX_15546	 The	 site	was	 a	 dense	 artefact	 scatter	 spread	 over	 several	 large	 blowouts	with	 almost	 a	complete	coverage	of	artefacts	in	a	Y-shaped	area.	Artefacts	from	each	blowout	merged,	and	extended	across	the	dune	toe	into	the	surrounding	gibber	plain.	The	blowout	investigated	covered	an	area	of	~300m	x	50m,	but	the	entire	site	covers	about	five	times	that	area.			Four	3m	x	3m	grids	were	laid	out	on	a	north-south	line	on	the	southern	flank	of	the	blowout	selected	for	surface	collection	and	subsurface	sampling.	Subsurface	samples	were	collected	to	a	depth	of	100mm. 
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Appendix	9:	A	Narrative	of	Knapping:	A	Reflexive	Interpretation	
of	Site	ODX_11738	
	The	following	is	a	narrative	of	the	interpreted	events	and	background	context	that	created	the	knapping	floor	site	ODX_11738.	This	site	was	selected	for	this	interpretation	as	it	was	analysed	by	a	combination	of	more	methods	than	any	other	knapping	floor	in	the	study	area	(piece	plotting,	 refitting	and	PCA).	 It	 is	also	an	example	of	a	knapping	 floor	 far	 from	the	major	dune	site	interpreted	to	be	as	a	result	of	embedded	procurement	practices.			The	narrative	format	is	unusual	in	stone	artefact	studies,	but	is	an	ideal	tool	for	reflexively	interpreting	archaeology	 from	the	perspective	of	 real	people	and	events	 (Hodder	2000).	The	 intention	 of	 this	 narrative	 is	 to	 bring	 individual	 people,	 their	 actions	 and	 their	knowledge	 of	 the	 landscape	 around	 them	 into	 the	 spotlight.	 This	 is	 the	 culmination	 of	research	undertaken	for	this	thesis,	specifically	focused	on	individual	knapping	floors	and	their	 potential	 for	 the	 preservation	 of	 high	 resolution	 information	 about	 individual	knappers	 and	 knapping	 events.	 The	 initial	 description	 provides	 the	 basis	 for	 the	interpretations	made.,	followed	by	an	interpretation	of	the	site	in	the	narrative	format.			This	site	is	positioned	in	the	middle	of	gibber	the	eastern	half	of	the	study	area	(Figure	192).	It	is	located	1.1km	from	the	biggest	sand	dune	site	in	the	area	ODX_15546	and	855m	away	from	ODX_04878,	the	large	dune	site	in	the	South.	The	site	has	two	clear	knapping	features	which	were	both	refitted.	PCA	testing	of	the	assemblage	attributes	(Chapter	6)	suggested	the	 features	were	made	by	different	 individuals,	both	using	a	B1	knapping	strategy.	 It	 is	possible	that	these	were	made	on	completely	different	occasions,	however	the	closeness	of	the	 two	 features	 (0.5m)	 in	comparison	 to	all	other	knapping	 floors	 in	 the	area	 (the	next	closest	site	was	60m	way)	and	the	shared	knapping	strategy	used,	 is	 interpreted	for	this	narrative	as	the	result	of	two	individuals	travelling	across	the	gibber	and	knapping	together.			The	site	is	also	interpreted	as	an	example	of	the	repeated,	embedded	procurement	practices	that	created	the	overall	directional	trend	in	knapping	floor	site	distribution	linking	the	two	major	sand	dune	occupation	areas	(Chapter	9).	This	is	an	extrapolation	of	a	behaviour	that	could	only	be	observed	as	a	long-term,	trend	of	repeated	behavioural	events	and	thus	it	is	an	inference	that	this	pattern	represents	any	individual	site	formation.	The	knapper(s)	who	created	ODX_11738	could	have	travelled	along	the	same	pathway	as	others	before	and	after	them,	 only	 to	 utilize	 a	 completely	 different	 nearby	 and	 much	 smaller	 sand	 dune	 site.	However,	 since	 this	 would	 be	 more	 unusual	 than	 the	 norm	 to	 create	 the	 overall	 site	distribution	pattern	observed,	the	narrative	expresses	what	is	most	likely	in	this	situation.	
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Thus	 it	 is	 acknowledged,	 as	 with	 all	 reflexive	 archaeological	 narratives,	 the	 following	interpretation	presented	is	influenced	by	the	knowledge	and	experiences	gained	from	and	brought	to	the	analysis	of	the	study	area	archaeology	as	a	whole	(Burke	et	al.	1994),	as	much	as	it	is	a	reflection	of	site	ODX_11738	and	its	actual	site	formation	events	of	the	past.				
	Figure	192:	Site	ODX_11738	in	the	landscape	and	site	map	showing	the	two	knapping	features	that	corresponded	to	two	refit	sequences	(ODX_11738_RS1	and	ODX_11738_RS2).	Also	shown	is	the	interpreted	travel	route	taken	by	the	people	that	made	artefacts	at	the	site.		
A	Knapping	Narrative	These	events	take	place	in	the	north-east	region	of	the	Roxby	dunefield	area.	A	location	that	is	 in	 a	 desert	 environment	which	would	 only	 have	 supported	human	occupation	during	particular	seasons	and	climatic	phases	which	brought	food	and	water	resources	in	to	the	area	(Sullivan	and	Hughes	2014).	The	date	of	these	events	are	unknown,	since	its	remains	cannot	be	dated.	However,	it	is	likely	to	have	occurred	at	some	point	during	the	last	14,000	years	(Sullivan	and	Hughes	2014),	during	a	time	of	food	and	water	availability.	On	this	day	two	people	set	out,	walking	across	the	gibber	plain.	These	people	were	travelling	along	a	well-used	route	that	was	known	to	them	either	through	shared	knowledge,	prior	experience	
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and/or	understood	landmarks.	It	enabled	them	to	traverse	the	widest	expanse	of	the	gibber	plain	in	the	area,	a	barren	and	exposed	landform	between	major	sand	dune	habitation	sites.	The	 route	 they	 took,	 involved	around	1.7km	of	 travel	 in	which	 they	moved	 in	 roughly	a	northerly	or	southern	direction.	If	these	two	travellers	were	walking	at	the	average	human	walking	speed	of	5km/hr	(Mohler	et	al.	2007)	this	would	have	been	an	approximately	20-minute	journey.		However,	at	around	the	mid-point	across	the	gibber	plain	they	stopped	to	make	stone	artefacts.		It	is	likely	the	knappers	came	across	other	knapping	floor	sites	during	their	journey	across	the	gibber.	It	isn’t	known	specifically	which	sites	would	have	been	present	on	the	day	of	the	knappers’	journey.	However,	at	the	specific	location	chosen	by	the	two	people	to	make	stone	artefacts,	no	other	sites	would	have	been	within	visual	distance	(there	is	one	18m	away	and	several	 over	100m	away).	 Similar	 gibber	nodules	 are	 found	 right	 throughout	 the	 gibber	plain	which	 they	 traversed	 and	 the	 fact	 that	 the	 knappers	 found	 2	 nodules	 in	 the	 same	location	they	chose	it	is	unlikely	this	location	was	specifically	sought	out	or	that	they	have	highly	rigid	raw	material	 requirements.	Therefore,	 the	choice	 to	stop	and	 to	make	stone	artefacts	was	either	due	to	an	expedient	requirement	for	stone	tools	that	arose,	or	simply	a	spontaneous	negotiated	decision.	Perhaps	it	had	come	up	in	conversation	at	that	location,	that	it	would	be	a	good	idea	to	make	some	quartzite	artefacts	while	access	was	available	during	the	journey.		There	are	three	cores	present	at	the	site.	One	of	these	is	a	large	elongated	cobble	with	only	one	flake	scar	(note	this	was	collected	but	not	piece	plotted	so	is	not	on	the	map).	It	is	likely	that	one	of	the	knappers	first	tested	this	material	and	found	it	not	to	be	suitable	for	their	needs.		The	two	remaining	cores	are	associated	with	two	distinct	knapping	clusters	which	are	interpreted	to	be	made	by	the	two	different	individuals.	It	appears	that	the	knapping	was	undertaken	in	turns	rather	than	at	the	same	time.	This	is	because	the	two	clusters	are	around	 0.5m	 away	 from	 each	 other	which	 is	 probably	 a	 dangerous	 distance	 to	 conduct	simultaneous	 knapping.	 Secondly	 there	 is	 only	 one	 hammerstone.	 It	 is	 possible	 the	knappers	had	additional	hammerstones	that	were	not	discarded	at	the	site	(Figure	193).	However,	the	number	of	impact	marks	on	this	hammerstone	(28+	with	many	more	expected	in	the	damaged	areas	where	individual	marks	cannot	be	counted)	fit	well	with	the	number	of	 flakes	 at	 the	 site	 42.	 Therefore,	 this	 single	 hammerstone	 was	 certainly	 capable	 of	producing	all	the	flakes	present	and	the	few	that	are	missing.			
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	Figure	193:	Hammerstone	from	ODX_11738		It	 is	 interpreted	that	knapping	feature	2,	was	created	after	the	first.	This	 is	based	on	the	reasoning	that	the	first	knapped	nodule	in	Feature	1	(ODX_11738_RS2)	appears	to	have	no	missing	 artefacts	 when	 it	 was	 refitted	 (voids),	 unlike	 the	 nodule	 from	 Feature	 2	(ODX_11738_RS1).	It	is	also	in	the	Knapping	Feature	2	that	the	hammerstone,	interpreted	to	have	been	used	to	make	both	features	was	discarded.		Thus	a	possible	scenario	is	that	after	rejecting	the	large	nodule	with	only	1	flake	scar	one	of	the	knappers	made	Feature	1.	A	3284g,	irregular	shaped	nodule	(Figure	194)	was	used	and	from	this	13	flakes	were	produced.	Either	artefacts	were	used	immediately	and	discarded	or	they	were	considered	unsuitable	for	transport	as	none	produced	were	removed	from	the	site.	Perhaps	the	second	knapper	felt	the	first	was	not	up	to	the	task	(or	this	was	a	teaching	exercise)	so	made	the	second	knapping	floor	feature	with	a	much	larger	nodule,	more	than	twice	the	size	of	the	first	(6647g)	(Figure	195)	creating	a	few	more	than	27	flakes	in	the	process	(missing	artefacts	mean	the	exact	number	is	unknown).			Whether	or	not	 this	was	 a	 skill	 sharing	 exercise,	 the	knappers	 appeared	 to	have	 shared	knapping	knowledge	or	influenced	each	other	during	the	process	as	very	similar	knapping	techniques	were	used	to	make	both	knapping	features.	In	both	instances	a	reverse	knapping	stance	(interpreted	from	the	spatial	patterning	and	size	distribution	of	artefacts	in	Chapter	9)	working	the	core	beside	the	body	with	the	knapping	scatter	spread	behind	the	body	was	used	 (Figure	 196).	 This	 is	 a	 knapping	 style	 that	 has	 been	 observed	 ethnographically	 in	Central	 Australia,	 also	 with	 a	 pair	 of	 knappers	 working	 together	 (Hiscock	 2004)	 as	 is	interpreted	for	these	knapping	events.	Additionally,	the	two	knappers	used	a	similar	core	reduction	 technique	 (knapping	 strategy	 B1	 see	 Chapter	 6).	 Knapping	 started	 utilising	 a	naturally	 occurring	 flat	 surface	 on	 the	 nodule	 and	 early	 on	 in	 the	 process	 the	 core	was	rotated	to	create	a	new	platform.			
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	Figure	194:	ODX_11738_RS2	Refitted	Nodule	from	Knapping	Feature	1		
	Figure	195:	ODX_11738_RS1	Refitted	Nodule	from	Knapping	Feature	2		
	Figure	196:	‘Reverse	knapping’	by	Australian	Alyawara	Aboriginal	men	from	Central	Australia	(from	Hiscock	2004)	
After	the	second	knapping	feature	was	made	(or	during	the	process,	particularly	if	the	2nd	knapper	was	assisting)	artefacts	were	selected	for	use.	Ethnographic	records	of	a	similar	scenario	(Hiscock	2004),	show	that	where	multiple	people	are	involved	in	the	process	that	this	 selection	 is	 often	 a	 socially	 negotiated	 process.	 It	 is	 unknown	 exactly	 how	 many	artefacts	were	removed	from	the	site	and	their	attributes,	however	it	was	more	than	one	flake	and	these	were	produced	sequentially	at	the	mid	to	late	part	of	the	knapping	sequence	after	 24	 of	 the	 remaining	 27	 flakes	 left	 at	 the	 site	 were	 made.	 The	 hammerstone	 was	abandoned	in	the	second	knapping	feature	most	likely	due	to	the	extent	of	damage	it	had	incurred	from	use.		With	their	selected	quartzite	artefacts,	the	two	people	continued	their	journey	across	the	gibber	to	the	sand	dunes	roughly	1km	away.		
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